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EDITOE'S  PEEFACE. 


As  several  years  have  elapsed  since  the  uppenrance  of  the  first 
volume  of  the  present  work,  nn  explanation  is  due  to  our 
i-esiH^cted  reatlers  for  the  delay  which  has  occurred  iu  the 
jiuhiication  of  the  remaining  volumes.  So  far  as  the  original 
manuscrijit  of  Swedeuborg  is  coucerned,  that  was  translatetl 
and  riMidy  for  the  printer  when  the  publication  of  the  work  was 
tirst  announced.  But,  as  explained  in  the  Editor's  Preface  ol' 
Vol.  1.,  it  WHS  thouj^ht  that  the  usefulness  of  tlie  work  would 
he  enhanced,  by  presenting  the  analyses  it  contains  in  the 
i:o(nhine(i  light  of  modern  science;  and  thus  by  testing 
.Sweilenborg's  theory  of  the  Brain  by  all  tlie  facts  that  science 
haa  accumulated  since  his  time;  namely,  since  the  middle  of 
1744,  when  he  put  the  last  touches  to  his  work. 

The  Editor  at  first  suppased  that  testinjj;  Swedenborg's  work 
by  the  anatomy  and  physiology  of  the  Brain  as  taught  by  the 
most  approved  text-books  of  England,  France,  and  Germany, 
would  be  all  that  was  required.  But  he  very  soon  became 
convinced,  that  facts  concerning  the  Brain  and  the  Nervous 
System  generally  had  been  discovered  and  described  in  the 
periodical  literature  of  the  luetlical  sciences,  and  in  the  Trans- 
actions of  learned  bodies,  which  failed  to  find  their  way  iuUt 
our  text-books.  The  number  of  such  facts  is  by  no  means 
inconsiderable. 

The  Editor  thus, in  the  pursuance  of  his  work,  at  last  became 

irauaded  tlmt  in  order  to  do  justice  to  Swedenborg's  work,  it 

'ould  be  necessary  to  digest  the  whole  of  the  Brain-literature 
published  diu-ing  the  last  one  hundred  and  forty  years ;  that, 

nisef^uently,  it  was  incumbent  upon  him  to  collect  and 
slassify  all  books  and  papers  published,  during  this  period,  on 
ihe  anatomy  and  physiology  of  the  nervous   system,  in   all 

.nguages.      By    no   means  a    small   tjisk.      Thanks   to  the 

isources  at  his  disposal  at  the  British  Museum,  he  was  able 
compile  such  a  classified  catalogue  for  his  special  purposes, 
this  work  the  Editfjr  engaged  after  finishing  VoL  1.,  and 

(fore  entering  upon  the  prc'i)ariition  for  the  press  of  Vol.  II. 

Naturally  enough,  perhaps,  the  current  text-books  were  found 
kliiotly  deficient  in  tiie  presentation  of  those  parts  of  the  Brain 
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wHch,  80  far  as  their  functions  are  concerned,  are  still  a  ttrm 
incofjmta,  tjj.  the  pituitary  gland  with  the  sinuses  of  the  selhi 
turcica ;  even  as  nearly  all  facts  have  been  ignored  by  which 
the  motion  of  the  Brain  is  substantiated.  And  again  the 
English  text-books  proved  woefully  deticient  in  the  treatment 
of  the  "  Cerebro-spinal  Liquid." 

The  Editor  believes  that  in  the  present  volume  the  function 
of  the  pituitary  gland,  as  determined  by  Swedenbor;^,  has  been 
definitely  proved  and  established  in  the  combined  light  of  the 
facts  of  the  last  one  hundred  and  forty  years;  as  well  aa 
Swedenborg's  theory  of  the  "  Cerebro-spinal  Liquid,"  to  whicli 
two  subjecta  upwards  of  22^  pages  are  devoted  in  the  appendix. 
In  thus  surveying  the  literature  of  the  Brain  and  the  Nervous 
System  in  connection  with  the  Pituitary  Gland  and  the  Cerebro- 
spinal Liquid,  the  Editor  was  very  much  struck  with  one 
i'eature  which  seemed  to  be  characteristic  of  modern  science ; 
namely,  that  important  facts,  well  known  more  than  a  Imndrpil 
years  ago,  had  been  completely  lost  by  modem  science,  and 
have  hfld  to  be  newly  discovered-  Thus  Santanni  discovered 
and  described  in  17*24  the  "carotid  sinus,"  that  is,  a  venous 
sinus,  by  which  the  carotid  artery  is  encompassed  during  its 
passage  througli  the  bone  of  the  cranium, — which  sinus  was 
iorgottcn,  until  it  was  re-discovered  by  Rektorzick,  who  brought 
it  to  the  notice  of  the  learned  in  ISiiS.  See  below,  p.  520.  ei 
stq.  Again,  TaUirrnni,  in  1743.  described  a  canal  or  sinus 
underneath  the  inferior  petrosal  sinus,  on  the  lower  surface  of 
the  cranium,  which  Trolard.  in  1870,  denominated  the  "lower 
petro-occipital  sinus."  The  attention  of  the  Icnnied  was 
directed  to  this  canal  by  Haller.  in  bis  "Elementa  Physiologias" 
in  1762 ;  but  since  his  time  this  canal  was  forgotten,  until  it 
was  re-discovered  by  Dr.  Euglisch.  who  described  it  in  1863  in 
precisely  the  same  language  as  Tabarrani  in  1743.  Sec  below, 
p.  503,  ft  sefi  In  1786  Victj  </*j4zy7- called  the  attention  of  the 
learned  to  the  fact,  that  the  "  inferior  petrosal  sinus  discharges 
its  contents  through  the  intermediation  of  a  vein  which  ia 
found  at  the  base  of  the  cranium  before  the  internal  jugular 
vein,"  This  fact  is  only  now  beginning  to  (ind  its  way  into  the 
text-books.  See  below,  p.  537.  Another  illustrious  instance 
is  the  case  of  the  *' Cerebro-spinal  Liquid."  This  liquid  was 
most  minutely  described  by  Cotvffno  in  17^14;  his  work  was 
lepubbshed  in  Rotterdam  in  1769,  in  Vienna  in  1770,  in 
Naples  in  1775,  and  it  was  published  in  English  in  1776.  and 
yet  soon  after  this  information  was  for^ottei*  or  overlooked, 
and  this  liquid  had  to  be  re-discovered  by  Mageudie  in  1825. 
Key  and  Retzius  der-  ■•{  in  1875  that  the  hoiv  "'is 

discover)-  belongs  t*  -j,  and  in  VoL  I.  of  t;  nl 
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i»ork  on  the  Nervous  System,  they  give  copious  extracta  from 
Cotugno*s  lK>ok  ;  and  yet  these  same  observers  overlooked  the 
fact  that  Cotuj,'Tio  \\\  his  little  work  demonstrated  also  the 
existence  of  lympli-tracks  in  the  peripheral  nerves ;  and  that 
he  likewise  i>roved  the  fact,  that  the  subarachnoid  space  is 
continued  into  the  peripheral  nerves  l>eyond  the  spinal  ganj^lia, 
and  that  the  Cerebro-spinal  Litpiid  circulates  there  (see  below, 
p.  356,  €t  seq.),  which  discover}'  the  Swedish  observers  consider 
to  be  of  a  much  more  recent  date. 

Still,  the  priority  of  a  discovery  is  a  matter  of  small  con- 
sequence ;  if  only  science  would  not  disregard  and  forget  so 
many  facts  after  they  have  once  been  discovered.  Swedcnbor^, 
fts  we  have  shown  in  the  Preface  to  Vol.  I.,  lias  noticed  and 
foreshadowed  in  his  work  on  the  Brain  so  many  facts  which  are 
attributed  to  modem  times,  that  it  would  be  tinlious  to  continue 
their  enumeration  here.  Yet  his  object  was  not  so  much  to 
discover  new  facts,  as  to  elicit  and  establish  the  true  causes 
of  facts  discovered  by  others;  and  the  purpose  of  his 
present  work  is  to  assisn  their  true  functions  to  tlie  various 
organs  of  the  Uraiu ;  wliich  includes  also  a  determination  of  the 
functions  of  those  enigmatical  and  mystical  organs,  namely,  the 
pineal  gland,  the  infundihulum.  the  pituitary  gland,  and  also  of 
tjie  cserebellum.  Xo  one,  indeed,  hna  poured  such  floods  of  Lght 
on  the  functions  of  the  human  body,  and  esi»ecially  on  those  of 
the  Nervous  System,  as  Swedenborg  has  done  ;  and  yet  how 
little  he  is  still  understood  and  appreciated. 

Upon  the  whole,  we  cannot  feel  dissatisfied  with  the  reception 
of  tlie  first  volume  of  this  work  by  the  j^rofession.  Not  many 
notices  and  reviews  appeared,  but  those  that  did  appear  were  in 
the  main  satisfactory.  AV^e  owe  our  tlianks  to  Dr.  Rabagliati 
for  the  fair  and  considerate  way  in  which  he  introiluced  the 
work  to  the  notice  of  the  learned  in  the  neurologic:d  <iuarterly 
"Brain."  Dr.  David  Goyder  of  Bradfonl  also  read  a  very 
thoughtful  paper  on  the  Motion  of  the  Brain,  before  the  Brad- 
ford Medical  Society,  in  which  he  called  the  attention  of  his 
colleagues  to  this  work,  in  America  a  most  able  review,  from 
the  pen  of  the  late  Dr.  Farringdon,  appeared  in  the  pages  of 
"Wonlsfor  the  New  Church."  Twenty-two  medical  schools 
also  accepted  the  offer  of  a  medical  gentlemnn  to  place  the 
volume  in  tlieir  library;  although  one  of  the  London  medical 
schools,  with  a  spirit  that  reminds  one  more  of  the  liigoted  ages 
of  the  past,  than  of  the  latter  part  of  the  Nineteenth  Century, 
returned  the  work  as  undesirable  for  their  library. 

A  similar  spirit  is  evinced  by  Dr.  Mfiudaley,  the  author  of 
"  Natunil  Causes  and  Supernatural  Seemings  '*  (Tjondon,  1886). 
i*ho  asserts  that  Enmnuel  Swedenlwrg,  in  174^  and  1744,  thus 
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at  the  time  he  was  engaged  upon  Iiis  work  on  the  "Brain,"  was 
"subject  to  seizures  which  were  closely  akin  to.  if  thry  were  uot 
actually,  epilepsy  ;"  and  for  tlie  fucts  on  which  he  bases  this 
extraordinary  asseition,  he  points  us  to  an  essay  on  Swedenborg 
which  he  pulilished  in  the  second  edition  of  "  Body  aud  Mind," 
in  1873.'  Ill  his  work  on  "The  Pathology  of  the  Human 
Mind,"  published  in  1879,  the  autiior,  after  first  repcatin;^  the 
above  statement,  in  another  part  of  liis  work  asserts  that  in  1743 
Swedenborg  had  "an  attack  of  acute  mania  ;"  and  that  "  when 
the  acute  attack  passed  away,a  monomania  was  left  behind  wliich 
waa  the  morbid  evolution  of  his  self-suflicient  character."  He 
says,  also,  that  "  until  the  evidence  of  Swt;denborg*s  Diaiy  [for 
1744]  be  proved  false,  he  could  not  alter  his  opinion."  In 
"  Body  and  Mind"  he  tixes  the  date  of  the  alleged  occurrence  a 
year  later,  that  is,  in  1744;  for  he  says  that  "if  Swedenborg 
was  not  at  this  time  [1744]  fast  gliding  into  madness,  be 
imitated  exceedingly  well  the  character  of  its  incipient  stages" 
(p.  230).  He  also  admits  in  the  same  place  tliat  the  inferences 
which  he  drew  from  Swedenborg's  IJiary  of  1744  are  "  con- 
jectures." For,  in  speaking  of  the  use  which  he  made  of  the 
contents  of  this  Diary,  he  continues,  "  But  there  is  no  need  of 
fmjtciure  where  something  like  certainty  is  attainable"  (IbuL), 
What  he  means  by  "something  like  certainty"  will  be  seen  below. 

Tlie  learned  author  thus  declared  in  "  Body  and  Mind  *'  that 
Swedenborg  showed  '*  the  incipient  stages  of  madness  "  in  1744 ; 
while  in  his  **  Pathology  of  the  Mind"  he  maintains  that  Sweden- 
borg had  "an  acute  attack  of  mania"  in  1743,  which  left  him  a 
"  monomaniac  "  ever  afterwards.  This  latter  date,  however,  he 
abandoned  again  in  his  work  on  "  Natural  Causes  and  Super- 
natui*al  Seemings,"  where  he  endorsed  anew  the  whole  of  his 
essay  on  Swedenborg  which  appeared  in  "  Body  anfl  Mind." 
From  this  it  would  ap)H;ar  that  the  learned  Doctor  is  quite 
unceitain  as  to  Uie  time  when  this  alleged  '*  attack  of  acute 
mania"  took  place. 

Again,  in  his  **  Pathology  of  the  Mind,"  in  endeavouring  to 
prove  his  chai*ge  of  madness  against  Swedenborg,  the  author 
adduces  as  evidence  the  Diaiy  of  the  former  during  1744;  but 
in  "Body  aud  Mind"  he  declared  those  inferences  which  he 
drew  from  Swedenborg's  Diary  to  be  "  conjectures."  Ctm- 
jrclnra,  liowever,  are  evidently  out  of  place  in  a  scientitic 
text-book,  and  therefore  in  1886  the  learned  Doctor  }»referred 
to  base  his  assertions  al3out  Swedenborg  again  on  *'  something 

'  Thii  essay,  which  wna  orijriiiiUlv  iiubluhed  in  ihe  "Joiirnftl  of  Mental 
SciftntM*,"  for  l^ttO.  Kcetiis  tu  be  loukLil  U(ion  m  ntit)ioriUtivii  hv  the  profunion, 
from  the  manner  in  which  it  in  nifcrrMt  to  liy  Dr.  IrrUtiJ,  iii)iU  rotunt  work, 
"Tlic  blot  m.rt»  the  Uniiii,"  U«i5,  p.  47. 
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like  certainty,"  or  on  what  he  further  styles  "a  well-authenticated 
narrative  of  an  outbreak  of  acute  insanity."  But  why  did  the 
learned  Doctor  in  his  treatise  on  the  "  Pathology  of  the  Mind  " 
not  appeal  Again  to  his  "well-authenticated  narrative"?  His 
attention  may  probably  have  l>een  drawn  to  the  second  volume 
of  the  "  Documents  concerning  the  Life  and  Character  of 
Emanuel  Swedenborg,"  which  ax>i>eared  in  1S77.  In  this  work 
two  versions  of  the  Doctor's  "  well-authenticated  uarrutive," 
lioth  emanating  from  the  liev.  Aron  Mathesius,  the  author  of 
this  "  narrative,'*  are  compared  in  parallel  columns.  One  of 
these  versions  Mathesius  gave  to  Wesley  iu  1781,  by  whom  it 
was  published  in  the  "Arujinian  Magazine;"  tho  other  version, 
which  is  published  in  White  s  "  Life  of  Swedenborg,"  Mathesius 
wrote  down  in  1796;  this  last  version  constitutes  the  "well- 
authenticated  narrative,"  quoted  by  the  autlior  of  "  Body  and 
Mind." 

On  comparing  these  two  versions,  it  appears  that  a  number 
of  particulars  with  which  Mathesius  was  not  acquainted  in 
1781,  emerged  quite  fresh  from  his  memory  in  1796  ;  besides, 
the  two  versions  are  contradictory  in  a  number  of  imjjortant 
particulars ;  so  that  Mathesius'  testimony,  when  examined  in 
its  own  light,  breaks  down  completely,  and  is  shown  to  be  a 
web  of  fakehoods.  But  this  is  not  all  Mathesius  quotes  as 
his  authority  for  the  statements  he  makes,  a  certain  "  Brockmer.' 
This  man  "Brockmer,"  as  is  shown  iu  "Documents"  etc,  (Vol. 
II.,  pp.  601-C04),  when  interrogated  as  to  the  truth  of  the 
"  narrative,"  as  published  by  Wesley  in  1781,  denied  the  truth  of 
almost  all  the  statements  which  Mathesius  made  on  his  authority. 

This,  then,  is  the  documentary  value  of  the  facts  on  wluch 
the  learned  Doctor  baaed  his  assertion  that  Swedenborg  at  the 
time  when  he  was  engaged  on  his  work  on  the  **  Brain  "  was  an 
•*  epileptic ; "  that  he  had  an  "  attack  of  acute  mania ; "  and  that 
ever  afterwanls  lie  was  insane,  and  a  "  monomaniac," 

When  Swedenborg  returned  to  his  native  country  in  1745, 
no  one  noticed  anything  of  the  "  monomania"  witli  which  the 
author  of  "  Body  and  Mind"  charges  this  truly  eminent  man. 
From  August  1745  to  July  1747  he  again  attended  to  his  duties 
as  Assessor  at  the  College  of  Mines ;  where  he  acted  both  in 
the  character  of  a  public  Administrator  of  Klines,  and  as  a 
Judge  in  disputed  mining  cases.  In  the  spring  of  1747  the 
College  unanimously  recommended  him  for  a  vacant  Councillor- 
ship  of  Klines,  which  Swedenborg  declined ;  but  soon  after  he 
applied  to  the  king  for  a  release  from  his  office.  On  accepting 
Swedenborg's  resignation,  the  king  used  the  following  language ; 
•'Although  we  would  gladly  see  the  Assessor  continue  at  home 
the  faithful  services  lie  has  hitherto  rendered  to  us  and  his 
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country,  still  we  can  so  much  the  less  oppose  his  wiah,  as  we 
feel  sutticieutly  assured  that  the  M'ork  oa  whicli  he  is  engagetl 
will  in  time  contribute  to  the  general  use  and  benelit,  no  less  thau 
the  other  valuable  works  written  and  published  by  him  Iiave 
contriliutcd  t^  the  use  and  honour  of  his  country,  as  well  as  of 
himself.  We  therefore  decree  and.  by  this  open  letter,  release 
Emanuel  Swedenborg  from  the  office  of  Assessor  in  our  and  our 
country's  College  of  Mines,  which  he  has  hitherto  filled  with 
renown  ;  and  as  a  token  of  the  satisfaction  with  which  we  look 
upon  his  loug  and  faithful  services,  we  also  most  graciously 
permit  him  to  retain  for  tlie  rest  of  his  life  one-hulf  of  his 
salary  as  Assessor.*' 

In  the  Minutes  of  the  CoUege  of  Mines,  under  the  date  of 
June  15, 1747,  we  read :  "  Assessor  Emanuel  Swedenhoi*g  handed 
in  to  the  College  of  Mines  the  Royal  Decree,  by  whicli  he  was 
released  from  his  duties  here  in  the  Koyal  College,  retaining 
(luring  his  life  one-half  of  his  salary  as  un  Assessor. 
All  the  members  of  the  Royal  College  regretted  losing  so 
worthy  a  colleague,  and  they  asked  the  Assessor  to  kindly 
attend  the  sessions  of  the  College,  until  all  tliose  cases  should 
be  adjudicated  that  had  been  commenced  during  his  attendance 
at  the  College  ;  to  which  the  Assessor  kindly  assented." 

Under  the  date  of  J»dy  17  we  read  :  "  Assessor  Swedenborg, 
who  intends  as  soon  as  possible  to  commence  his  new  journeys 
abroad,  came  up  for  the  purpose  of  taking  leave  of  the  Royal 
College.  He  thanked  all  tliose  at  the  Royal  College  for  tlie 
favour  and  kindness  he  liad  received  from  them  during  his 
connection  with  the  College,  and  commended  himself  to  their 
further  friendly  remembrances.  Tlie  Royal  College  thanked 
the  Assessor  for  the  ininute  care  avdjiddity  icUhirhich  lu  Iiad 
attcmhd  to  the  flutiejs  of  his  oJi<:t:  as  an  Assessor  UP  TO  TIIK 
PRESENT  TIME;  they  wished  him  a  prosperous  journey  and  a 
liappy  return ;  after  whicli  he  left."  See  "  Documents,"  etc,, 
Vol.  I.,  p.  4GG. 

Such  is  the  testimony,  contained  in  the  approved  Minutes 
of  the  Royal  College  of  Mines,  of  a  highly  intelligent  board 
of  gentlemen,  who  met  Swedenborg  almost  daily  for  two 
years  after  the  time  when,  as  tlie  learned  author  of 
"Body  and  Mind,**  and  of  "  Tiie  Pathology  of  the  Mind" 
asserts,  Swedenborg  had  an  "attack  of  acute  mania,"  and 
when,  according  to  him,  he  was  in  a  state  of  insanity  or 
"  monomania."  Persons  of  a  diseased  mind,  and  in  a  state  of 
"monomania,"  are  not  usually  able  to  perform  in  a  highly 
creditable  manner  the  functions  of  a  judge;  nor  are  their 
services  usually  considered  so  important  that  tlieir  cnllengucs 
request  them  to  continue  in  oHice  for  a  month  longer  after  their 


resignation  has  been  accepted  ;  uor  are  tliey  usunlly  coininemled 
by  their  colleagues,  in  an  ort'icial  record,  for  the  "  care  and  tidelity 
with  which  they  have  attended  to  the  duties  of  their  oltioe,  up 
to  the  very  last." 

Again,  the  learned  author  of  "Body  and  Mind"  withholds 
from  Ids  reudci's  the  fact  that  Swedeaborg  in  174r>  returned  to 
his  duties  as  an  Assessor,  and  contiuued  to  attend  to  these 
duties  until  the  end  of  July  1747.  He  says  instead :  '*  In  the 
years  1744  and  1745  Swedenixjrg  suddenly  abandoned  all  his 
former  pursuits  and  interests/'  and  "  was  writing  what  an  un- 
prejudiced person  [  M  ?  ]  must  affirm  to  be  the  product  of 
madness"  (p.  235).  If  wo  can  suppose  that  Swedenl>org's 
theoloj^ical  Writings,  to  wliich  the  learned  Doctor  here  alludes, 
are  **  the  products  of  madness ; "  that  Swedenborg,  consequently. 
was  "  mad  "  or  insane,  while  writing  these  works,  we  must  also 
suppose  that  he  kept  his  "madna=»s"  a  profound  secret  from 
fiverybody  in  his  native  country  for  thirteen  years;  for»  as 
apiHittrs  from  a  letter  of  Baron  Tilas,  dated  March  16,  1760 
(See  "Documents,"  etc.,  Vol.  II..  p.  395),  no  one  in  Sweden,  up 
to  that  time,  was  aware  that  Swedeuborg  was  the  author  of 
those  remarkable  works  which  appeared  in  London  between 
1749  and  1758;  nor  had  any  one  the  least  suspicion  that  in 
respect  to  the  transcendental  world  of  spirit  he  was  differently 
situated  from  other  people. 

For  the  present  wc  have  no  more  to  say  to  the  author  of 
•*  The  Patholo^o'  of  the  Mind  ;"  but  in  Part  IV.  of  the  present 
work,  where  Swedenborg  treats  of  "  the  Affections  and  Diseases 
of  the  Brain,"  we  shall  have  occasion  to  examine  and  criticize 
some  of  the  learned  Doctor's  theories  on  the  same  subject. 

"We  regret  that  the  Doctor,  by  re-asserting  in  188G  the  [>osition 
■which  in  18G9  he  took  up  in  respe-ct  to  Kmanuel  Swedenborg, 
should  have  compelled  us  to  introduce  into  a  purely  .scientific 
work,  questions  concerning  revelation  and  the  spiritual  world, 
which  questions  require  a  ditl'ereut  treatment  altogether  from 
flcieutitic  subjects. 

In  conclusion,  we  venture  to  express  a  hope  that  the  case  of 
the  learned  author  of  "  Body  and  Mind."  on  which  we  found  it 
necessary  to  animadvert  in  our  Preface,  is  an  Isolated  one 
among  the  rei>resentative  men  of  Medical  Science  in  Great 
BritHJii ;  and  that  in  future,  before  making  any  new  utterance 
Fk-'ftpecting  Kmanuel  Swodenborg,  the  Doctor  will  consider  more 
carefully  the  facts  on  which  he  intends  to  base  bis  theories. 

R.  L  TAFEL 
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CHAPTER    XVL 


THE  PINEAL  GLAND. 


532.  The  piaeal  gland,  formerly  called  the  conariiini.aiid  also 
the  conoid,  is  a  little  body  which  in  adults  generally  e(|uals  the 
size  of  a  pea.  It  is  irregularly  round,  and  of  the  shape  of  a 
little  pine  cone.  It  is  placed  immediately  before  the  '*  nates/* 
the  anterior  tubercles  of  the  corpora  quadrigemiua,  under  the 
posterior  part  of  the  fornix,  which  forms  there  an  expanse,  to 
which,  however,  it  does  not  adhere  continuously.  It  is  situated 
besides  between  the  optic  thalami  and  at  the  extreme  end  of 
the  third  Tcntricle  over  the  foramen,  called  "anus."  By  its 
middle  portion,  it  closes  and  bounds  on  the  one  hand  that 
blind  gap  or  canal  which  is  formed  by  the  corpora  quadrigemina, 
OD  the  other  it  keeps  guard  over  the  third  ventricle,  which,  or 
at  least  the  door  of  which,  it  seems  to  open  from  the  lateral 
ventricles  and  the  aqueduct  of  Sylvius.  In  order  to  receive 
their  gland  the  "  nates  "  inflect  themselves  obliquely  downwards 
under  the  optic  thalami,  forming  a  certain  bosom  drawn  apart, 
and  thus  a  comfortable  seat.  Into  this  bosom  on  high  they  invite 
the  gland,  and  on  withdrawing  from  one  another,  or  on  being 
compelled  to  leave  their  position  by  the  subsidence  of  the 
thalami,  they  divide  it  as  it  were  between  them ;  yet  on  regain- 
ing their  natural  position,  they  at  once  urge  the  gland  back  into 
its  original  place,  as  may  be  seen  in  Vieussens*  Plate.  Ou 
changing  their  position  they  also  draw  apart  the  sides  of  the 
passage  underneath,  and  thus  the  gland  opens  the  approaches, 
over  which  it  acts  as  a  custodian.  For  this  purpose  fibrils  pass 
out  from  the  stria  pinealis  situated  between  the  thalami ; 
which  tibrila  pass  around  and  cover  the  edges  of  the  foramen 
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called  "  anus."     Other  fibrils  also  depart  thence,  which,  if  they 
do  not  enfold  the  gland,  at  least  approach  the  same ;  and  then 
they  bend  backwards  encircling  the  margins  of  the  cavity  under 
the  "nates,"  at  the  entrance  into  the  third  ventricle.     This 
remarkable  gland  or  gem,  like   its   remaining  corpuscles   or 
satellites  \i.€.,  the  corpora  quadrlgemina],  rests  upon  a  substance 
which  is  placed  under  it  like  a  cushion,  and  which  on  its  surface 
is  medullary,  but  a  little  further  down  ciueritious.     This  inter- 
vening substance  separates  the  pineal  gland  from  the  aqueduct 
of  Sylvius,  and  also  from  the  lateral  ventricles.     Through  its 
mediation  the  gland  also  is  approached  on  the  sides  by  the  optic 
thalami ;  and  from  below  by  the  grey  substance  of  the  striated 
plane,  which  verges  thither   by  a  moderate  bent.     Tho  gland 
also  is  most  directly  approached  as  by  binding  cords,  by  two 
medullary  processes.  i.«.,  by  peduncles  which  run  out  from  the 
optic  thalami,  and  likewise  by  two  processes  extending  from 
the  "nates."     By  these  cords  or  peduncles,  the  optic  thalami, 
as  well  as  the  "  nates,"  are  adjoined  and  bound  to  the  gland, 
for  the  purpose  of  jKJrforming  harmoniously  the  work  common 
to  them   all.     The  gland  is  compelled  there   to   incline   its 
vertical  point  towards  the  cerebellum  in  a  right  angle  in  re- 
spect to  its  base.    Thus  engirded  and  susi>ended,  the  gland  is 
covered  with  a  thin  membrane,  an    offshoot  of  the  pia  mater, 
as  is  thought,  while  numerous  little  arteries,  which  are  extreme 
capillaries  of  the  vertebral  arteries,  and  likewise  little  veins 
which  in  close  ranks  run  down  towards  the  straight  sinus,  creep 
through  it  in  every  direction.     The  twin  veins  of  Qalen  also, 
which   form  the  root  of  the  straight  sinus,  press  against   it, 
offering  their  protection;  while  the  extreme  and  first  web-work 
of  the  choroid  plexuses  is  incumbent  upon  it,  to  which  it  seems 
to  serve  in  the  place  of  a  support.     Thus  M'heu  the  falx,  the 
pia  mater  or  the  textile  fabric  of  the  choroid  plexuses  are  in- 
cautiously removed,  or  again  when  the  cerebrum  has  collapsed, 
or  is  distendt^d  by  the  ventricles,  the  glaad  is  torn  out  of  ita 
native  soil,  and  its  proper  seat  is  concealed  from  the  obsorvera. 
The  pineal  gland  thus  acta  as  a  root  to  the  straight  ainus.  la 
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no  other  seose,  than  is  done  by  that  kiud  of  vegetables  which 
spread  theuisclves  uudergrouud,  and  send  out  widely  in  every 
direction,  plexiform  little  roots  which  ore  ingrafted  in  tbero. 
Its  iiittirior  substance  is  more  evidently  cineritious  than  that 
of  tlie  '*  nates/'  because  it  is  also  saturated  with  copious  blood, 
and  irradiated  by  so  many  concentrated  striae,  on  account  of 
the  extreme  subtlety  of  which  it  is  generally  somewhat  soft. 
In  dropsical  persons  it  sometimes  swells  to  triple  its  size,  and 
is  translucent  from  a  gelatinous  lymph,  which  is  stagnant 
interiorly.  Upon  being  exposed  to  the  air  itis  easily  attenuated, 
it  ahrinka,  aod  is  rarotied  into  a  spongy  substance.  By  some 
who  have  scanned  its  organism  with  the  armed  eye,  it  is  said 
to  be  composed  of  small  glandules;  by  others  to  be  divided 
into  little  compartments;  and  by  one  it  is  reported  to  be 
hollow,  as  in  the  brains  of  stags.  More  frequently  in  its 
interior  recess  is  found  a  Httlo  body,  which  is  hard,  rough, 
friable  and  yellow.  la  one  gland  again  three  little  stones 
or  little  bones  were  found,  as  reported  by  Rnysch,  to  whom  the 
specimen  was  givea  In  others  it  is  said  to  have  shrivelled  up 
into  a  sort  of  dead  flesh,  and  in  others  to  have  disappeared 
altogether. 

533.  Willis.^ — "  Not  far  from  the  corpora  quadrigemina — 
namely,  between  them  and  that  opening  which  is  called  *anus/ 
is  placed  the  pineal  gland.  It  is  situated  in  that  valley-like 
depression  which  lies  between  the  anterior  tubercles  of  the 
corpora  quadrigemina,  and  the  optic  thalamL  This  gland  is 
fastened  there  to  the  part  underneath  only  by  a  few  slender 
fibn^s.  and  sometimes  by  two  more  conspicious  roots.  It  is, 
besides,  enclostnl  as  in  a  capsule  by  a  niembrane  which  is  a 
portion  of  the  pia  mater;  and  as  this  membrane  is  interwoven 
by  many  arteries  and  veins,  sf)me  slender  vessels  also  enter 
thU  gland  (p.  19)  .  .  .  From  the  ridges  of  the  optic  thalami, 
whence  the  optic  nerves  derive  their  origin,  certain  medullary 
proceases  also  arise,  and  after  being  brought  down  on  both  sides 
to  the  margin  oi'  the  second  foramen  [the  posterior  foramen  called 
*  "Cerebri  Aaatoroe,"  Cap.  11. 
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*  anus ']  they  meet  around  the  root  of  the  pineal  gland.  These 
processes,  it  seems,  are  those  parts  which  the  most  illustrious 
Des  Cartes  supposed  to  be  nerves  belonging  to  that  gland; 
while  I  am  rather  of  the  opinion  that  they  are  simply  produc- 
tions with  which  the  optic  nerves,  also  near  their  origins,  com- 
municate "  (p.  16).  See  also  Plates  TIL,  IV.,  V.,  in  his  "Cerebri 
Anatome,"  and  Plates  V.,  VI.,  VIIL,  in  his  "  Anima  Brutoruni." 

534.  ViEUSSENS.* — "  That  gland,  which  on  account  of  some 
likeness  of  it5  form  is  called  *  pineal/  nay,  and  sometimes  is 
styled  *  conarium,'  is  a  greyish  body,  in  adults  of  the  size  of  a  pea,' 
consisting  of  a  soft  and  spongy  substance,  and  covered  with  a 
very  thin  membrane.  This  little  gland,  in  which  I  have  often 
found  a  hard,  yellowish  body,  sometimes  a  little  rough,  is 
appended  to  the  back  part  of  the  fornix,  and  is  placed  on  a 
cineritious  substance  between  the  anterior  tubercles  of  the 
corpora  quadrigemina,  with  which  it^is  united  near  the  foramen 
called  'anus.'  Sometimes,  however,  a  very  little  medullary 
tract  derived  firom  that  tract,  mentioned  above,  which  is  inter- 
posed between  the  thalami  optici  [the  stria  pinealis],  and  which 
bears  a  likeness  to  a  little  bow  and  also  to  a  little  nerve,  co- 
alesces with  it.  .  .  »  This  gland  is  irrigated  by  small  arteries, 
sent  out  from  branches  of  the  basilar  artery,  and  small  veins  are 
derived  from  it,  which  terminate  in  the  straight  sinus"  (p.  71). 

535.  RlDLEY.5 — "The  gland,  called  *  pineal,*  from  its  figure  is 
about  the  size  of  an  ordinary  j)ea,  prefixed  to  the  anterior  tul)orclc3 
of  the  corpora  quadrigemina,  called  '  nates,*  at  the  extremity  of 
the  third  ventricle,  immediately  under  the  broad  and  hinder  part 
of  the  fornix,  with  which,  nevertheless,  it  has  no  connection,  con- 
trary to  Vieiissens'  assertion,  and  over  that  part  of  the  riina  or 
opening  in  the  third  ventricle,  called  *anu&'  It  is  joined  to  the 
'  nates '  by  several  fibrous  roots,  and  becomes  a  support  to  that 
part  of  the  choroid  plexus  which  is  situated  there.  In  the  drop- 
sical brain  of  a  scrofulous  boy,  I  have  seen  it  swollen  to  three 
times  its  ordinary  size,  and  by  reason  of  the  abundance  of  stag- 

'  '•  Xeurogr»plii5,**  cto..  Cap.  XI. 
*  "Anatomy  of  tbc  Urain,"  olc,  C»p  x. 
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Date  gelatinous  lymph  contained  in  it,  perfectly  transparent, 
...  It  is  truo  that  there  are  two  considerable  medullary 
tracts — the  stria  pincalis — arising  seemingly  from  the  two  roots 
of  the  fornix,  stretching  lengthways  over  the  thalami  optici  as 
far  back  as  this  gland,  which  tract  by  Vieusseos  is  called  '  the 
medullary  tract  interposed  between  the  thalami  optici/  as 
though  it  were  only  one,  but  in  reality  it  is  double,  one  on 
either  side.  These  tracts  turn  about  near  this  place,  and  are 
united  by  a  kind  of  transverse  bending  of  the  tract,  called  by 
Vieuasens,  the  medullary  tract  placed  before  the  'nates'  [the 
posterior  commissure],  as  has  been  accurately  observed  by  him. 
This,  as  Willis  truly  thought,  and  also  Vieussens,  no  doubt 
gave  rise  to  the  error  of  Des  Cartes,  whose  sublime  and  most 
deservedly  admired  philosophy  had  doubtless  been  much  more 
useful  had  he  conversed  more  with  dissections,  and  less  with 
things  invisible.  For  upon  a  more  accurate  inspection  it  will 
be  found  that  no  part  of  the  aforesaid  process,  however  near  it 
comes  to  this  gland,  does  in  any  wise  become  continuous  to  it 
.  .  .  This  gland  has  arteries  and  veins  in  common  with  other 
glands,  the  veins  ending  in  the  straight  sinus,  as  may  be  the 
case  with  the  lympheducts  also  when  they  are  visible."  (Pp.  83- 
86).     See  also  his  Figure  VII. 

530.  WiNSLow.T — "The  pineal  gland  is  a  small,  soft,  greyish 
body,  about  the  size  of  an  ordinary  pea,  irregularly  round,  and 
sometimes  of  the  figure  of  a  pine  cone,  situated  behind  the 
thalami  optici,  above  the  corpora  quadrigemina.  It  is  Hxed  to 
the  lower  part  of  the  thalami  by  two  very  white  medullary 
peduncles,  which  at  the  gland  are  very  near  each  other,  but 
separate  almost  transversely  toward  the  thalami.  It  seems  to 
be  mostly  of  a  cortical  substance,  except  near  the  above- men- 
tiono<i  peduncles,  where  it  appears  a  little  medullary.  These 
peduncles  are  sometimes  double,  as  if  they  belonged  also  to  the 
two  antetior  tubercles.  This  body  adheres  very  closely  to  the 
choroid  plexus  by  which  it  is  covered  ;  and  it  requires  therefore 
some  dtixtenty  to  remove  it  from  the  gland,  without  altering  its 
^  '*  AnatcM&icaJ  Kxpotitton,"  Sect.  z. 
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situation  or  breaking  the  peduncles.  Sometimes  a  jelly  has  been 
found  contained  in  it  Under  the  pineal  gland,  in  the  substance 
of  the  thalami,  there  is  a  medullary  transverse  cord,  called  the 
'posterior  commissure'  of  the  hemispheres  of  the  cerebrum." 
(Sect.  X.,  no9.  82,  83.) 

537-  Manget.* — "In  st^s  the  pineal  gland  arises  by  a  double 
crus  from  the  parts  underneath  it,  and  is  hollow ;  it  also  arises 
from  its  own  peduncle,  and  the  afore-naraed  crura.  It  ia 
worthy  of  being  mentioned  that  it  is  composed  of  many  very 
minute  glandules.  Some  time  ago  it  was  seen  in  a  petrified  con- 
dition by  Fred.  Schuyl.  Ruysch  found  in  it  three  calculi.  But 
it  is  still  more  wonderful  what  Drelincourt  observed  in  a  virgin 
about  twenty  years  old,  who.  after  having  suffered  for  six 
months  excruciating  pains  in  the  head,  finally  had  become  blind, 
and  was  deprived  gradually  of  her  remaining  senses,  and  died 
amid  grievous  shrieks.  In  her  the  pineal  gland  had  not  only 
become  petrified,  but  had  also  attained  the  size  of  a  hen's  egg. 
and  with  its  weight  pressed  not  only  upon  the  optic  thalami, 
but  in  the  course  of  time  also  bore  down  in  a  deadly  manner 
upon  the  remaining  nerves." 

538.  MoKGAONi.* — "  Last  year  I  examined  a  woman's  braiu 
in  which  the  pineal  gland  was  uniformly  larger  and  firmer; 
it  was  alao  very  much  whiter  than  the  cortical  substance  of  the 
brain ;  although  I  have  very  often  seen  it  of  the  same  colour. 
In  that  gland  I  discovered,  as  it  were,  several  little  compart- 
ments {loo\iXi\  its  substance,  however,  appeared  manifestly 
glaudulous.  .  .  .  This  is  certain,  and  worthy  of  being  noted : 
namely,  that  within  this  gland,  a  hard,  yellowish,  and  frequently 
a  somexvhat  rough  little  body  is  found,  as  has  been  observed  by 
Vieussens.  and  as  I  also  have  several  times  observed.  £  noticed 
besides  in  a  man  froui  Bologna  that  his  pineal  gland  consisted 
almost  altogether  of  a  yellow,  souiewhat  harJ  and  friable  sub- 
stance.   But.  on  the  other  hand,  I   have  not  often  seon  it 


' 


'  "  Thcfttram  Aniitiiniieum/*  VoL  IL,  Geaeva,  1716,  foUo.— VoL  U.,  p.  34)0, 
footnote. 
'  "  Adveraarift  Anatomies,"  v1.,  Lugduoi  But&wrum.  1760. 
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swollen  with  water.  In  my  dissecting  room  at  Padua,  however, 
I  have  sometimes  demonstrated  that  it  difTercd  in  no  particular 
from  the  nearest  glands  of  the  choroid  plexus,  with  which  I 
compared  it,  and  which  in  the  same  brains  were  in  a  like  man- 
ner distended  with  water.  To  this  may  bo  added  that  this 
gland  has  a  very  close  connection  with  that  same  choroid  plexus, 
so  that  on  nusing  the  plexus  the  pineal  gland  is  generally  raised 
at  the  same  time.  .  .  .  As  to  the  rest  I  am  fully  aware  that 
there  must  be  a  peculiar  reason  why  the  pineal  gland  is  con- 
tinued chiefly  into  that  medullary  tract  [the  posterior  com- 
missure] which  is  carriod  across  before  the  anterior  tubercles 
called  'nates.'  I  therefore  believe  that  further  investigations 
have  yet  to  be  made  into  its  nature,  and,  consequently,  into  its 
office.**    {Anvmodv^^lo  ix.  pp.  10, 11.) 

539.  Lancisi.' — "  That  portion  which  occupies  a  central  place 
in  the  cerebrum,  and  has  not  a  double  or  twiu  nature,  besides 
the  pineal  gland,  consists  of  the  corpus  calloBum  with  the  fornix 
and  the  septum  lucidiim.  .  .  .  And  although  there  are  also 
some  other  parts,  which  run  across  the  middle  of  the  cere- 
brum in  other  directions,  for  instance,  the  adhesions  to  the 
corpora  quadragemina,  the  centre  of  the  pons  Varolii,  and 
especially  a  certain  medullary  cord  which  binds  together  and 
conjoins  the  bases  of  both  hemispheres  above  the  sphenoid  bone, 
and  transversely  under  the  connection  of  the  optic  nerves  [i.e., 
the  anterior  commissure],  still  this  kind  of  small  parts  in  the 
interior  of  the  cerebnim,  besides  being  very  little,  arc  destitute  of 
that  symmetrical  structure,  which  seems  necessary  to  me  in  order 
that  the  soul  may  deliberate  therein,  concerning  what  it  intends 
to  carry  out  (Vol  II.  Disaertaiio  VII.,  de  Seih  cogitantis  AnimcBy 
p,304.)  ....  Although  the  pineal  gland  is  of  various  size,  never- 
theless, we  have  noticed,  that  in  man,  as  well  as  in  all  animals,  it 
always  occupies  its  proper  seat .  .  For  if  it  be  stated  by  some,  that 
it  was  missing  altogether,  this  was  due  either  to  its  extremely 
small  size,  which  sometimes  is  the  case,  or  it  was  cut  off 
during  the  dissection,  or,  finally,  they  passed  it  by  with  neglect. 
^  Operu,  qtiie  hacteuut  prodivrant.      Genera,  1718;  Vol.  11. 
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I  noticed  also  that  the  pineal  gland  is  covered  with  pia  mater. 
which  so  teems  with  thick  and  copious  sanguineous  and 
lymphatic  vessels,  that,  if  you  carefully  relieve  the  gland  of  this 
coating,  you  will  find  that  you  have  removed  from  it  almost  one 
third  of  its  size  {Jbld.  p.  308).  ...  I  noticed,  besides,  that  this 
gland  on  its  surface  is  reddish,  and  that  it  is  variegated  with 
sanguineous  dots  in  a  wonderful  manner ;  and  that  when 
examined  under  the  microscope,  it  exhibits  its  least  glandular 
follicles,  which  do  not  merely  secrete  a  lymph,  but  also  a  liquid 
peculiar  to  the  nerves  ;  so  that  they  seem  indeed  to  constitute 
a  peculiar  cortex  of  a  diminutive  little  brain.  For  if  you  cut 
through  the  pineal  gland  either  longitudinally  or  trausversely, 
you  will  notice  that  it  does  not  by  any  means  exhibit  the  white 
colour  [of  conglobate  glands],  but  that  it  is  of  a  slightly  reddish 
colour.  You  will  perceive  in  addition  that  from  its  basis  on 
either  side,  there  proceed  two  considerable  nerves  [strise  pineales] 
which  some  have  called  medullary  processes.  But  if  you  cut 
them  across  near  the  base  of  the  gland,  you  will  see  a  beautiful 
sight;  for  you  will  notice,  as  it  were,  two  little  eyes  encom- 
passed with  a  reddish  cortex,  which  have  a  whitish  sparkla 
But  upon  dividing  the  beginning  of  these  processes  through  its 
little  branches  in  the  interior  of  the  piucal  gland,  there  has 
been  offered  sometimes  to  the  eye  of  the  observer  something 
not  unlike  the  ramification  of  the  medulla  in  the  cerebellum ; 
whence  it  is  that  without  doing  any  injustice  we  may  call 
the  pineal  gland  the  cerebellum  of  the  cerebrum  itself.  I 
noticed,  further,  that  these  nervous  processes  which  take  their 
departure  from  tbe  pineal  gland  in  an  oblique  direction,  paas 
over  the  optic  thalami,  to  which  they  adhere  very  closely,  and 
that  they  chiefly  spread  over  those  places,  which  in  the  thalami 
are  the  extreme  ends  of  the  cortical  and  metluUary  parts,  of 
which  they  themselves  are  composed ;  or  in  other  words,  the 
division  of  the  substances  is  bounded  by  thosi*  processes  which 
retain  a  medium  nature  between  the  white  and  the  cineritious 
substancea  There,  at  last,  they  penetrate  into  the  interior  of 
the  thalami  optica,  and  escape  the  keenness  of  vision,  even  when 
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armed  bj  the  microscope.  It  is  also  worthy  of  observation  that 
while  Id  respect  to  the  remaining  parts  of  the  brain,  there  is  a 
great  likeness  between  various  persons ;  in  respect  to  the 
corpus  callosum  and  the  pineal  gland  there  is  generally  a  great 
ditTerence.  For  in  some  persons  the  texture  of  the  corpus 
callosum  is  so  compressed  and  worn  off  that  no  fibres  can  be 
distinctly  noticed  in  its  framework ;  in  others  the  longitudinal 
striie  are  almost  invisible,  while  in  some  they  are  most  elegant, 
and  relieved  to  the  sight ;  in  many  their  direction  is  irregular. 
The  pineal  gland  at  one  time  is  large,  then  again  so  small,  that 
it  scarcely  exceeds  the  size  of  a  grain  of  millet;  generally  it  is 
conical,  sometimes  spherical ;  and  lastly,  it  is  more  or  less 
resisting  to  the  touch,  and  more  or  less  reddish  (Ihid,, 
pp.  309,  310).  ,  ,  ,  Moreover,  I  am  not  willing  to  pass  over 
in  silence,  what  I  observed  in  dissecting  the  brain  of  one 
who,  during  life,  stammered  and  was  a  simpleton.  In  his 
case,  who  was  not  over  thirty-six  years  old,  the  whole  substance 
of  the  cerebrum  was  more  compact  than  usual,  and  it  appeared 
whiter,  so  tliat  it  was  very  much  like  that  coagulated  milk 
which  is  commonly  called  ricolta  (curds).  For  the  blood-vessels 
did  not  penetrate  very  deeply  through  the  cortex,  nor  did  they 
seem  to  be  sufficiently  Hlled  with  blood  and  spirit  The 
corpus  callosum  was  likewise  a  little  hard;  the  longitudinal 
stria*  were,  indeed,  visible  in  it,  but  they  were  not  panillol  with 
one  another,  as  usually;  the  transverse  striae,  however,  were 
quite  invisible.  The  pineal  gland,  finally,  I  found  so  very  small, 
that  it  scarcely  equalled  the  size  of  a  hemp-seed  "  {Ibid.  p.  311). 
540.  Steno.* — "Cartesius  in  his  philosophy  laid  stress  particu- 
larly on  the  following  points: — *  The  surface  of  the  pineal  gland 
has  respect  to  the  interior  surface  of  the  brain ;  2.  In  the 
concavity  of  the  braiu  the  pores  are  directly  opposite  to 
those  of  the  sm.ill  gland;  3.  The  spirits  run  from  all  sides 
of   the    gland    into   the    concavities  of   the    bmin ;    4.   The 


'  *  *  A  Diw«rt&tion  on  the  An&tomy  of  the  Brain,"  reftd  at  the  Asaembly  held 
at  M.  Th«vcnot'B  Houie  in  1(168.  In  Winetlow'i  **  Anatomical  E^spo•itioa,*' 
etc.,  Section  x.  §  10 ;  Douglas'  Engltab  Traxialation,  pp.  &S-73. 
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gloud  can  perform  its  functions,  though  it  be  inclined  some- 
times to  one  side,  sometimes  to  the  other ;  5.  The  small  tubes 
on  the  surface  of  the  concavities  are  always  turned  to  the 
gland,  and  may  easily  be  turned  toward  the  different  points  of 
this  gland;  6.  The  gland  is  situated  at  the  entry  to  the  cavities 
of  the  brain.*  ...  It  is,  however,  very  certain  that  the 
basis  of  this  gland  touches  immediately  the  place  of  transit  from 
the  third  to  the  fourth  ventricles ;  but  the  posterior  part,  i.e., 
one  half  of  the  gland,  may  evidently  be  perceived  to  be  alto- 
gether outside  of  the  cavities,  by  only  removing  the  cerebellutD, 
and  one  or  both  of  the  anterior  tubercles  of  the  corpora  quadri- 
gemina;  upon  which  the  posterior  part  of  the  gland  will  be 
brought  into  view,  and  yet  uo  passage  will  appear,  by  which 
any  air  or  any  other  fluid  may  enter  [into  the  ventricles].  .  .  , 
The  anterior  part  of  the  gland  is  not  in  the  lateral  ventricles ; 
for  the  substance  of  the  brain  will  always  be  found  to  lie  between 
these  lateral  cavities  and  the  gland ;  so  that  it  can  have  no 
manner  of  relation  to  them,  being  hindered  by  the  insertions  by 
which  this  part  is  fixed  to  the  basis.  .  .  .  When  the  sides  of  the 
ventricles  are  raised^  only  the  anterior  surface  of  the  glaud  can 
be  turned  towards  these  cavities;  but  never  the  posterior  sur- 
face, ...  I  own  that  behind  the  fissure  or  the  third  ventricle, 
and  immediately  behind  the  posterior  foramen,  that  is,  the 
'anus,'  there  is  a  cavity  lined  on  both  sides  by  the  choroid 
plexus,  which  rises  to  the  straight  sinus ;  this  cavity  on  the 
back  part  is  closed  by  the  pineal  gland,  and  the  anterior  port 
of  it  is  entirely  continuous  with  it;  and  when  the  roof  of  the 
fornix  is  taken  out.  this  small  passage  represents  the  form  of  an 
inverted  little  horn.  .  .  .  The  pineal  gland  does  not  incline 
its  puint  forward  towards  the  cerebrum,  as  other  anatomists 
believed  ;  but  its  point  is  always  turned  towards  the  cerebellum, 
and  describes  nearly  a  half  right  angle  with  the  baata.  .  .  .  The 
whole  basis  of  the  gland  adheres  ti>  the  cerebrum,  or  rather,  the 
substance  of  the  gland  is  continuous  with  that  of  the  cerebrunu 
...  In  respect  to  the  vessels  of  this  gland,  they  are  a  collection 
of  veins  from  the  corpus  callosum,  the  interior  substance  of  the 
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cerebrum,  the  choroid  plexus,  and  the  gland  itself  {Ibid., 
Engl  edit,  pp.  60-62).  .  .  .  The  piueal  glaud  adheres  to  the 
stmight  sinus,  so  that  the  dura  mator  cannot  be  raised  at  that 
place  without  affecting  tlie  gland.     {Ifnd.,  p.  68.) 

541.  NucK.^ — "In  respect  to  the  pineal  gland»  as  it  is  com- 
monly called.  I  have  not  always  found  it  in  the  shape  of  a  pear; 
for,  sometimes  it  is  more  oblong,  not  seldom  oval,  and  often  it 
appears  in  a  spherical  form.  Sometimes,  -without  doubt,  this 
gland  is  found  shrivelled  up,  and  almost  consumed ;  and  some- 
times firmly  attached  to  the  lateral  [jarts.  It  is  gifted  with  very 
amull  nerves,  or  such  as  are  so  slender  as  to  escape  generally 
the  eyesight.  I  shall  not  speak  of  the  viscus  and  tough  matter, 
which  not  unfrequently  covers  the  surface  of  this  glaud ;  nor  of 
the  calculi  which  have  just  as  often  been  observed  in  it,  by 
which  the  gland  was  deprived  of  its  mobility,  if  it  has  ever  been 
moveable.  You  cannot  have  forgotten,  how  once  I  found  it  full 
of  gravel,  and  numbered  as  many  as  fourteen  little  stones  of 
various  sizes  and  forms,  which  were  quite  hard,  and  which  I 
shewed  to  many  curious  persons  ;  even  as  at  the  present  day  I 
am  willing  to  shew  them  to  any  one  who  is  desirous  of  examin- 
ing them.  I  make  only  one  observation  here,  at  which  you  will 
perhaps  wonder — namely,  that  as  far  as  I  could  sec,  those  who 
suffered  from  this  gravel,  during  their  life-time  were  not  any 
less  wise,  than  those  with  whom  their  gland  was  in  its  natural 
order.  We  are  therefore  quite  justiiied  iu  singing  the  funeral 
service  of  this  gland  in  this  wise,  etc."    (pp.  150-152.) 


[Modern  Authors. 


541a.  Meynert.2 — "  The  pineal  gland  has  often,  but  impro- 
perly been  compared  to  the  hypophysis  cerebri— the  pituitary 
gland.     Luys  regards  it  as  a  prolongation  of  the  grey  substance 

'  "EpintoU  ad  Araicnm  de  InrentU  Novit,"  in  hU  "Adenographia,"  etc., 
Lugduiu  Batavomnt,  1692. 

■  Mrr^KRT(T.).  "The  Brain  of  MamtnalB.**  trntwlatcd  by  J,  Putnam,  iu 
Strickur'a  "Manual  of  hiaUilo^y."     Nttu-  York,  1873. 
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of  the  third  ventricle.  Arnold  very  properly  declared  it  to  be 
separated  by  its  medullary  substaDco  from  that  grey  substance. 
It  should  in  truth  be  considered  as  a  ganglion,  and,  like  the 
ganglionic  mass  of  its  pedicle,  which  is  similarly  constructed,  it 
is  connected  on  the  one  hand  with  the  medullary  substance 
of  the  cerebral  lobes,  and  on  the  other  by  means  of  the  posterior 
commissure  with  the  cms  cerebrL  It  may  then  be  reckoned 
among  the  ganglia  of  ori-gin  of  the  tegrnentinru  It  coutaina 
cells  of  two  different  sires,  the  one  15/i.  in  thickness,  the  others 
very  small  only  6^  in  thickness,  and  its  structure  only  differs 
from  that  of  the  other  cerebral  ganglia  in  that  the  cells  are 
crowded  very  closely  together.  In  the  habenula,  layers  of  cells 
often  alternate  with  layers  of  nerve-fibres,  a  formation  which 
calls  to  mind  the  alternating  layers  of  granules  and  fibres  in  the 
bulbus  olfactorius.  The  neighbourhood  of  the  medullary 
substance,  as  well  as  the  universal  presence  of  processes,  charac- 
terizes the  cells  described  as  nervous  elements.  The  crowded 
arrangement  of  these  cells  is  like  that  of  the  cells  in  the  stratum 
corponim  arctorura  of  the  comu  ammonis,  and  this  peculiar  mode 
of  arrangement  and  minute  size  is  found  also  among  the  cells  of 
the  olfactory  lobe,  the  cortex  cerebelli,  and  certain  cell-masses 
in  the  corpus  striatum.  The  latter  ganglion  contains  also 
collections  of  larger  nerve  cells  "  (p.  700  et  acq.) 

B4flb.  Hagemann' — "The  pineal  gland,  or  conarium,  this 
enigmatical  formation  of  the  brain,  the  investigation  of  which 
has  kept  busy  the  most  renowned  anatomists  since  the  time  of 
Des  Cartes,  and  which  so  far  as  its  function  is  concerned  has 
given  rise  to  the  most  diverse  hypotheses — this  same  organ,  by 
the  researches  of  Henle  and  Bizzozero.  has  lately  created  an 
increased  interest,  wherefore  on  the  basis  of  their  labours  I 
undertook  a  most  minute  examination  of  said  organ  (p.  4211). 

"As  regards  the  nervous  fibres  wherewith  the  conarium  is 
provided,  they  arise  from  the  commi&iure  of  its  peduncles  which 

>  Ha^emann  (Dr.).  **Ueber  den  Bau  des  Conarium."  la  "ArcUiv  ffir 
Anatomic,  Pbyaiologte  and  wisKnschaftUche  Medinn/'  berausge^ebea  I'on 
Dr.  C.  B.  Rcichori  and  Dr.  K.  BuiiKoyoiond.     B«xlin,  1872. 
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is  situated  at  the  anterior  edge  of  this  organ.  The  nerves  are 
most  abundant  immediately  behind  the  anterior  edge,  where  in 
dense  strands,  and  closely  pressed,  they  enter  the  gland. 
Among  the  fibres  there  arc  those  with  double  contours  and 
numerous  varicose  swellings,  and  there  are  also  clear  nervous 
tabes,  which  are  likewise  not  altogether  destitute  of  varicose 
enlargements.  Their  thickness  is  0.004 — 0.007mm.,  and  the 
thickest  fibres  are  chiefly  in  the  anterior  portion  of  the  gland. 
In  the  middle  third  of  the  gland  I  discovered  repeatedly  little 
nervous  stems,  0.002  to  0.003mm,  in  thickness,  which  consisted 
some  of  5,  and  others  of  upwards  of  ten  fibres.  In  the  posterior 
section  of  the  gland  there  were  only  here  and  there  a  few 
delicate  fibres.  Whether  the  above-mentioned  numerous 
homogeneous  fibres  with  frequent  varicose  enlargements,  ought 
to  be  classed  among  nervons  fibres,  we  cannot  decide  with 
certainty,  because  at  the  present  time  we  have  no  reagent,  by 
which  this  question  can  be  settled  beyond  a  doubt. 

*' The  order  and  arrangement  of  the  nerve-cells  differs  from 
that  of  the  nervous  fibres  ;  since  they  occur  in  all  parts  of  the 
gland  of  the  same  size  and  the  same  in  quantity.  The}'  were 
mostly  0.039rara..  in  length,  and  0.021mm.,  in  width  and,  in  a 
bright  granulous  substance,  they  exhibit  a  targe  roundish 
nucleus  0.014  mm.  in  diameter  with  distinct  nucleoli  0.002.1mm. 
iu  size.  I  noticed  both  bipolar  and  multipolar  cells  with  long 
prttductions  greater  or  smaller  in  number ;  these  productions, 
however,  could  not  be  traced  to  the  point  where  they  divided. 
I  succeeded  in  observing  nervous  fibres  attached  to  norve- 
cells  not  only  in  a  human  pineal  gland  hardened  in  osinic 
acid,  but  also  in  a  fresh  pineal  gland  of  a  guinea-pig  (p.  438  et 
seq.), 

*' According  to  Henle  the  nervous  strand  which  has  coalesced 
with  the  anterior  point  of  the  pineal  gland,  does  not  give  out  any 
fibres  which  enter  into  the  organ ;  he  also  holds,  that  the 
exceedingly  scanty  nervous  fibres  which  are  contained  in  the 
parenchyma,  are  furnished  to  it  by  the  blood-vessels.  In  the 
prcliminarv  account  which  Bizzozero  gives  of  his  observations, 
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be  does  not  mention  the  nervous  elements  of  the  pineal  glancL 
Kolliker  discovered  in  the  gland  a  scanty  nun^ber  of  nervous 
fibres,  from  00022  to  OOO+omni.  in  thickness,  as  well  as 
multipolar  nerve-cells.  Uyril  maintains  that  in  the  interior  of 
the  piueal  gland  which  consists  for  the  most  part  of  grey 
substance,  there  are  white^  medullary  strisB,  which  pass  over 
into  the  peduncles  of  the  gland  '"  (p.  440). 

"With  respect  to  the  function  of  the  piueal  gland,  for  tlie 
present  it  will  have  to  be  classed  among  the  enigmatical  organs ; 
since  it  has  not  been  possible  in  the  least  to  start  any  hypothesis 
which  meets  the  facts  and  is  at  all  tenable — unless  we  choose 
to  put  it  into  the  category  of  those  formations  whose  function, 
like  that  of  the  thymus-gland,  has  been  superseded.  Des  Cartes 
placed  the  soul  in  the  piueal  gland,  as  Galen  had  dune  before 
hira.  The  great  abundance  of  nerve-cells  and  nervous  fibres  in 
the  pineal  gland  disposes  one  to  entertain  favourably  the  idea 
that  it  belongs  to  the  nervous  centres;  but  this  idea  is  refuted 
by  the  consideration,  that  even  in  those  cases  where  the  gland 
was  entirely  degenerated  or  destroyed,  it  could  not  be  discovered 
that  any  function  in  the  body  suffered  in  consequence,  or  that 
it  ceased  altogether.  It  is  equally  doubtful  whether  the 
roundish  cells  may  not  pc^rhaps  serve  in  a  secretory  capacity, 
since  no  excretory  passage  can  bo  found,  and  since  the  fact  of 
the  function  of  said  organ  hanng  ceased  by  degeneracy  is  not 
productive  of  any  visible  disadvantage  to  the  human  system  " 
(p.  446). 
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542.  Between  the  globose  bodies  of  the  cerebrum  and 
cerebellum,  and  the  medulla  oblongata  which  extends  under- 
neath, there  is  a  kind  of  triangular,  medullary  space  thrust  in 
between,  which  embraces  the  corpora  quadngemina,  the  pineal 
gland,  the  passages  underneath,  and  some  striated  medulla. 
This  space  by  the  Ancients  was  called  "  isthmus."  It  is  in  a 
certain  sense  the  uniting  medium  between  those  three  bodies; 
above  it  thrones  the  cerebrum  with  its  two  hemispheres ;  below 
it  rests  the  cerebellum,  and  around  it.  at  the  sides  as  well  as 
behind,  extends  the  medulla  oblongata.  Immediately  opposite 
to  it  is  the  pons  VaroliL  Nor  docs  it  belong  to  either  of  the 
above  bodies  aa  an  appendage,  for  it  has  its  own  tubercles,  and 
consequently  its  own  cortex  and  fibre.  The  cerebrum  touches 
it  only  lightly;  for  the  column  of  the  corpus  callosum,  as  well 
as  the  posterior  part  of  the  fornix,  are  not  attached  to  it ;  the 
cerebrum,  therefore,  only  licks  its  surface.  The  optic  thalami, 
indeed,  apply  themselves  to  the  angle  of  its  upper  side;  yet 
they  do  not  send  fibres  into  it,  but,  on  the  contrary,  receive 
within  themselves  the  anterior  tubercles  or  nates.  From  the 
posterior  part  of  the  medulla  oblongata  it  is  also  separated  by 
the  interposition  of  a  barrier,  i.e.,  the  valve  of  Vieussens,  where 
a  certain  medullary  septum  and  band  [fra?nulum]  is  led  across 
in  front  of  the  fourth  ventricle  and  immediately  behind  the 
posterior  tubercles  or  "  testes."  The  cerebellum  reaches  up 
from  below,  and  sends  out  towards  the  isthmus  its  first 
process,  the  "crura  ad  testes."  whence  some  fibres  seem  to 
extend  upwards,  and  at  last,  after  applying  themselves  to  the 
fibres  proper  to  the  isthmus,  they  run  oot  towards  the  neigh- 
bouring optic  thalami.    This  small,  medullary  Kpace  or  "  isthmus  " 
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is  thus  in  a  certain  sense  placed  rather  under  the  jurisdiction  of 
the  cerehelium,  than  under  that  of  the  cerehrura,  although  it  is 
not  wholly  subjected  to  the  former. 

543.  In  what  respect,  however,  thia  part  is  thus  placed  under 
the  jurisdiction  of  the  cerebellum,  appears  more  evidently  from 
the  influx  of  the  arteries,  veins  and  filaments,  which  congregate 
around  the  isthmus.  The  vertebral  artery  which  belongs  to  the 
ctTebellum.  scuds  thither  its  otfshoots;  nay,  it  even  forms 
here  a  second  choroid  plexus,  which  is  the  middle  one  of  the 
three.  The  carotid  artery  which  belongs  to  the  cerebrum, 
indeed,  also  sends  a  few  twigs  thither,  but  only  indirectly  as  it 
were,  and  not  professedly ;  for  the  carotid  artery,  at  an  acute 
angle  from  its  trunk,  throws  off  a  branch,  which  it  sends 
into  the  vertebral  artery,  and  into  the  shoots  of  which  it  also 
enters  obliquely  on  the  way,  whence  there  arises  this  little 
choroid  plexus.  Veins  belonging  to  the  cerebrum,  as  well  as  to 
the  cerebellum  and  the  medulla  oblongata,  meet  here  from  every 
quarter  with  interior  blood ;  those  of  the  cerebrum,  however,  do 
not  b(?come  affixed  to  the  isthmus,  but  enter  the  straight  sinus 
on  the  aide.  The  straight  sinus  which  carries  off  almost  all  the 
bhiod  from  the  interior  rccesst'S  of  the  cerebrum,  the  cerebellum, 
and  the  medulla  oblongata,  plants  its  roots  here.  This  sinus, 
however,  is  incumbent  on  the  cerebellum,  and  not  on  the 
cerebrum,  and  therefore  obeys  chiefly  the  motions  of  the  former. 
and  not  that  of  the  latter  body.  In  like  manner  the  falx,  as 
well  as  the  tentorium,  which  when  taken  collectively  form  but 
one  prvtcfRs,  together  with  the  straight  sinus,  dispatch  thither 
their  middle  axis,  and  thus  the  part  common  to  them  all ; 
consequently  also  the  inferior  lamina  of  the  dura  mater,  which 
acicou){»unies  its  processes  thither,  as  into  a  certain  centre.  The 
jfwa  malijr,  especially  that  of  the  cerebellum,  crosses  over  this 
pla<o,  as  over  a  bridge,  on  its  way  into  the  lateral,  as  well  as 
into  the  third  or  middle  ventricles,  and  it  penetrates  thence  still 
farther  into  the  iufuudibulum  and  the  pituitary  gland,  where 
it  meets  with  the  anterior  pia  mater,  or  with  ihat  t>f 
the  autvrior  part   of  the   brain.      The  four   ventricles,    that 
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18,  all  of  them,  encloee  this  ifithmua  as  it  were  la  the  middle ; 
the  larger  ones  at  the  sides,  the  lesser  or  third  one  in  froDt, 
and  the  fourth  at  the  back ;  and  thus  they  form  the  isthmus ; 
they  hollow  out  its  whole  expause,  aud  perforate  it  by  three 
clefts  or  passages,  which  terwiuate  ia  a  couimou  cavity  or 
cave.  The  alteraate  uiutiuns  of  the  passages  of  this  isthmus  arc 
directly  the  reverse  of  those  of  the  remaining  cavities  of  the 
encephainn ;  for  here  they  all  concentrate,  and  thither  tliey  press 
from  ail  sides.  Here  therefore  is  collected  all  that  spirit  or 
liquor  which  is  poured  into  the  organs  of  the  laboratory  from 
the  lateral  cisterns.  It  appears  hence  that  this  intervening 
neck  of  land  or  isthmus,  or  this  small  peloponesus.  which  is 
excited  into  a  state  of  motion  by  its  live  tubercles,  acts  under 
the  rule  of  the  cerebellum,  and  not  under  that  of  the  cerebrum. 
The  cerebrum  simply  pours  in  the  Bpirit,  the  cerebellum,  chiefly 
through  the  choroid  plexuses,  sprinkles  in  the  serum,  aud  the 
former,  t"^.,  the  cerebrum  by  means  of  the  corpora  striata  or  the 
upper  beginnings  of  the  medulla  oblongata.imparts  tothc  isthmus 
general  and  alternate  motions,  yet  only  under  the  direction  of 
the  cerebellum.  The  cerebellum,  consequently,  takes  charge  of, 
and  superintends  the  chymical  operations  much  more  than  the 
cerebrum.  Without  such  a  government  and  such  a  communi- 
cation of  offices,  this  most  noble  and  universal  laboratory  of  the 
kingdom,  which  purveys  spirit  and  life  to  the  whole  mass  of  the 
blood,  would  be  subject,  not  to  the  rule  of  nature,  which  acts 
according  to  onler  and  law,  but  to  the  power  of  man  s  will,  which 
almost  in  every  instant  runs  counter  to  order  and  law  ;  for  the  will 
destroys  what  nature  builds  up,  and  hence,  we  contract  diseases, 
and  are  again  restored  to  health,  but  in  time  we  grow  old  and  die. 
644.  The  pineal  gland  ia  placed  over  this  intervening  space  or 
isthmus,  and,  as  it  were,  sways  the  sceptre  here.  It  ia  also  situ- 
ated at  the  root  of  the  straight  sinus,  and  likewise  of  the  fa!  x  and 
tcntonum,andof  the  choroid  plexus  of  this  region;  onditguania 
the  approach  and  threshold,  through  which  there  is  an  accesa 
to  the  organs  of  the  laboratory,  It  is  placed  over  this  entrance 
door;  with  some  of  its  middle  portion  it  is  exposed  immediately 
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to  the  tbird  vcutricle,  and  also  partly  to  the  meeting-place  of 
the  foramina  and  the  aqueduct  It  closes  and  opens  in  partic- 
ular this  door ;  the  same  is  also  effected  in  a  general  way  by  the 
optic  thalami,  and  in  a  most  particular  way  by  the  fibres  of  the 
CM*ebrum  which  enaerge  from  the  tract  of  the  fornix.  Ail  the 
active  powers  in  the  neighbourhood  thus  coucur  in  this  one 
object,  and  lend  their  friendly  help ;  but  it  is  the  special  office 
of  the  pineal  gland  to  be  the  custodian  and  regulator  of  this 
one  particular  foramen,  and  thereby  to  act  as  the  dispenser  of 
the  inflowing  lymph.  So  while  the  optic  thalami  raise  their 
backs  and  close  up  the  ventricles,  they  at  the  same  time  consigu 
ihe  reins  and  the  helm  into  the  keeping  of  this  gland;  where- 
fore on  receiving  this  power,  the  gland  rises,  and  from  its  own 
principles  of  motion,  or  from  its  own  cineritious  substances,  it 
begins  to  swell  and  to  close  thereby  in  particular  that  door, 
which  the  optic  thalami  have  closed  in  a  general  way.  On  the 
other  hand,  the  door  is  opened  when  the  optic  thalami  subside, 
and  when  the  gland  contracts.  An  opposite  effect,  however,  is 
exerted  upon  the  foramina  at  the  sides  and  upon  the  aqueduct  of 
Sylvius  which  is  the  common  passjige  or  cavity  of  the  foramina.^ 
545.  The  pineal  glai»d  is  situated  in  the  meeting-place  of  the 
&xes;  namelr,  of  the  longitudinal  and  of  the  transverse  axes. 
The  longitudinal  axis  runs  out  from  the  septum  lucidum,  and 
under  the  base  of  the  fornix,  through  the  third  ventricle,  the  pas- 
sage under  the  corpora  tpiadrigeinina,  and  the  fourth  ventricle, 
until  finally  it  reaches  the  spinal  marrow;  the  transverse  axis, 
however,  passes  from  the  meeting  ground  of  the  sinuses  and 
processes — the  torcular  Herophili — through  the  straight  sinus, 
the  foramen  under  the  pineal  gland,  and  thence  through  tho 
infundibulum  to  the  pituitary  gland  or  the  sella  turcica;  and  thus 
it  passes  to  the  opposite  meeting  ground  of  the  sinuses  at  the 
base  of  the  cranium,  and  of  the  lateral  processes  of  the  ten- 
toriom.  In  tho  middle  of  this  intersection  or  of  this  meeting  of 
the  axeSy  tho  pineal  gland  has  its  position ;  thus  from  a  certain 
centre  it  has  respect  to  the  rest,  as  to  circumferences.  It  thus 
*  Ccduult  on  thi»  tubject  the  EditorixJ  Note  in  Vol.  I.  from  p.  751  to  7^9. 
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resides  in  a  tranquil  station,  and  is  inflected  neither  forwards  nor 
backwards,  neither  to  the  right  nor  to  the  left.  It  hence  expands 
and  contracts  in  its  own  centre,  and  from  its  own  centre.  The 
third  ventricle  bears  upon  it  in  front,  the  aqueduct  of  Sylvius 
behind,  and  the  two  larger  ventricles  at  the  sides.  Three 
cavities  thus  urge  it  backwards,  and  three  forwards;  whence 
there  results  an  equilibriiuii,  aud  its  permanence  in  its  own 
place.  When  the  foramina  and  the  aqueduct  are  opened,  the 
third  ventricle  and  the  two  lateral  ventricles  are  closed.  The 
action  of  all  centres  in  the  place  where  the  pineal  gland  is,  and 
which  thus  is  in  a  state  of  perfect  tranquillity.  The  corpora  quad- 
rigemiua  are  in  the  circumferences  of  the  isthmus;  they  also, 
together  with  the  optic  thalami,  poise  the  body  of  the  glands 
OS  a  pair  of  scales  poise  the  tongue  in  the  middle. 

546.  The  straight  sinus  which  carries  off  the  interior  blood  o 
the  cerebrum  and  cerebellum,  the  falx  and  tentorium,  and 
likewise  the  choroid  plexus,  plant  their  final  roots  in  the  place 
above  the  pineal  gland ;  so  that  this  gland  is,  as  it  were,  in  the 
place  of  a  fulcrum,  and  sustains  forces,  which  are  exceedingly 
small  iu  the  centre,  but  increase  towards  the  circumference; 
therefore  also  it  is  pointed  like  a  cone,  and  with  its  apex  is  kept 
in  the  direction  of  that  straight  line  which  is  described  by  the 
straight  sinus,  the  processes  of  the  dura  mater,  the  choroid 
plexus  and  the  transverse  axis.  On  this  account  also  it  is 
called  the  conoid,  and  turns  towards  the  cerebellum.  The  pos- 
terior wing  of  the  fornix  by  its  slight  contact,  the  optic  thalami, 
as  well  as  the  corpora  quadrigcraina,  that  is,  the  whole  of  the 
isthmus,  conspire  for  the  same  purp^ise,  wherefore  also  they 
incline  the  gland  in  that  direction. 

547.  In  this  wise  the  pineal  gland  is  at  liberty  to  turn, 
whither  the  axis  and  the  vortex  carry  it,  and  also  to  expand  as  is 
required  by  its  work,  Two  bands  only  whereby  it  is  connected 
with  the  optic  thalami,  aud  two  others  which  conjoin  it  with 
the  anterior  tubercles  of  the  corpora  quadrtgcmina,  as  well  as 
its  peduncle,  act  as  a  n-wtraint  u]x<n  it.  and  limit  its  expansile 
motion  ;  as  to  the  rest  it  Isuudor  itaown  juri.sJictiou.    The  cl.iijil. 
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ike  the  cerebellum,  and  like  the  cerebrum  in  its  convolutions, 

interlarded  with  cortical  and  also  with  medullary  substance. 

X  also  throws  out  fibres,  and  collects  them  into  peduncles  or 

irocesses,  and  dispatches  them  into  the  optic  thalami.     As  the 

[land   has   the   faculty  of  expanding   freely   when   the   optic 

lalami  relax  the  cords  or  peduncles  of  the  same ;  therefore  it 

imetimes  swells  beyond  its  normal  size,  and  gives  rise  to  gaps, 

follicles  or  cavities,  so  that  it  has  the  appearance  of  a  genuine 

rland.     But  when  the  lateral  ventricles,  bcKatise  distended  by 

to  much  serum,  are  unable  to  contract  their  cavities,  and  thus 

to  relax  the  peduncles  of  the  pineal  gland,  then  the  serum  in 

its  follicles  stagnates,  and  hardens  into  a  calculus,  into  gravel, 

!or  into  any  other  solid  little  body ;  or  again,  according  to  some 

»bftervations  made,  it  swells  into  a  considerable  mass.    Then  the 

»rpora  quadrigemina  succeed  to  the  government ;  for  so  long 

^as  the  pineal  gland  is  a  living  power,  those  bodies  act  as  its 

[totellites  and  assi&t4ints ;  but  when  the  nearest  circumferences 

iucc«ed  to  the  office  which  had  been  administered  by  the  centre, 

[then  the  action  becomes  obtuse  and  indistinct,  and  the  organism 

idually  verges  towards  death. 

646k  When  the  pineal  gland  is   regarded  in  itself,  and   in 

[respect  to  its  texture,  as  I  remarked  above,  it  is  not  unlike  the 

[temaining  bodies    of  the   cerebrum,  nay,  it   is   even    like    the 

rerebellum ;    for   it  is   encircled    by    its   pia   mater,    which    is 

Brrigated  with  vessels ;  it  is  also  furnished  with  ita  own  cineri- 

tious  substance,  and  its  own  medulla,  which  is  ramified  like  a 

^tree.     It  also  sends  out  peduncles,  one  into  the  right,  and  the 

>thcr  into  the  left  thalamus  opticus ;  the  same  it  does  in  re- 

^t  to  the  corpora  quadrigemina.     The  fibre  of  the  peduncles 

(d  thus  the  proper  fibre  of  the  gland,  and  docs  not  belong  to 

the  optic  thalami ;  for  when  the  peduncles  are  cut  off  at  their 

Iroota  they  appear  like  two  little  eyes,  which  are  rooted  in  the 

pomost  structure  of  the  gland.     But  as  the  gland  attaches  its 

^duncles  to  the  optic  thalami,  it  cannot  expand,  unless  these 

peduncles  are  relaxed,  which  takes  place  at  the  time  when  the 

thalami    themselves,   that  is,   the    cerebrum    and    the 
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cerebellum,  are  expanded.  Whither  the  fibres  of  the  peduncles 
which  are  propagated  through  the  optic  thalami  finally  tend, 
must  be  conjectured.  It  is  probable,  that  in  company  with  the 
fibres  of  the  cerebellum  they  enter  the  optic  nerves,  and  hence 
the  eye  itself;^  for  the  organs  of  sense  derive  their  origin  both 
from  the  fibre  of  the  cerebrum,  and  from  that  of  the  cerebellum, 
since  there  is  more  of  a  3|x3ntaneous  and  natural,  than  of  a 
voluntary  clement  in  them.  If  the  fibre  of  the  cerebellum 
flows  likewise  into  the  eye,  there  is  no  o^her  way  by  which  it 
can  do  so  except  through  the  isthmus,  and  thence  through  the 
optic  thalami  into  the  optic  nerves;  or  by  that  way  whither  the 
fibres  of  the  corpora  quadrigemina  and  of  the  pineal  gland 
tend. 

549,  We  may  conclude  thence  what  the  pineal  gland  contri- 
butes to  sensation  and  motion.  In  respect  to  sensation,  it  sends 
no  fibre  from  its  body  towards  any  of  the  organs  of  sense  except 
what  it  delegates  to  the  eye ;  ^  for  towards  the  organs  of  hearing 
and  tasto  the  fibre  is  sent  out  from  the  medulla  oblongata;  and 
the  sense  of  touch  alsp  derives  its  fibre  from  the  spinal  marrow, 
and  indeed  from  that  region  of  it,  where  the  fibre  of  the 
cerebrum  and  of  the  cerebellum  is  conjoined  with  the  fibres  of 
the  medulla  oblongata.  The  modes  of  the  sensations  also,  when 
they  are  about  to  distribute  theraselres  over  the  whole  cortical 
substance  of  the  cerebrum  and  the  cerebellum,  burst  out  thrtMigh 
the  fibres  both  of  the  posterior  and  the  anterior  parts  of  the 
me<lulla  oblongata  [that  is,  through  the  tegmentum  and  the 
crusta  of  the  crura  cerebri].  Those  fibres  which  burst  out 
through  the  posterior  part  of  the  medulla  oblongata  emerge 
into  the  cortical  expanse  of  the  cerebrum  through  the  upper 

*  This  wemB  corroborated  l>y  tbe  *'  inoHan  eye  in  Vnrtn'bnkleg,'*  conconiiug 
which  Mr.  W.  B.  S|waBor  reported  in  thu  "Zoologist"  for  Juno,  ISSti.  Unit 
'*  he  discovered  Uie  nerve  by  tneona  of  wtuoh  tho  '  median  interp«rietAl  eye  * — 
firit  noticed  by  Dr.  Urmiif  in  the  Slow  worrn — ia  ciuinectcd  with  the  brain, 
wid  fltidft  that  it  i*  m  portion  of  the  epiphyiii«  cerebri,  (pineal  gland).  The 
eye  docJi  not  reach  the  iiirface,  Ij  surroonded  irith  onQnoctiv«-tii0nie«  ha«  a 
difttinct  lens«  and  ia  on  'the  invertebrate  type:*  that  is  to  ijiy,  the  roda  are 
turned  townrda*  ajnl  not  away  from,  tbe  light,  a«  thoy  are  in  the  lateral  eyea 
of  tbe  Vertebratea." — Eoitor. 
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beginnings  of  the  medulla,  and  not  through  the  pineal  gland 

:cept  in  a  merely  perfunctory  manner.     Those,  on  the  other 

land,  which  are  carried  through  the  anterior  part  of  the  medulla 

ihlongata,  do  not  touch   the  pineal  gland,  but  by  the  pons 

'^arolii  are  poured  forth  into  the  whole  cortical  cerebrum  through 

the  basal  striated  plane  [i.0.,  the  crusta  or  pes  of  the  crura 

frebri],  and  thus  through  the  corpora  striata,  or  again  through 

le  optic  thrtlami,  in  the  direction  towards  the  base  of  the  fornix. 

le  very  medullary  substance  of  the  cerebrum  is  not  continued 

ito  the  substance  of  the  pineal  gland,  so  that  there  is  no  com- 

lunication  between  them,  except  obliquely  through  the  optic 

lalaml     The  gland,  however,  with  its  corpora  quadrigemina. 

[1  with   the  whole  of  its  isthmus,  seems   to   perform   this 

inction,  namely,  that  those  visual  rays,  which  from  the  eye 

irough  the  optic  nerves,  flow  into  the  thalami,  are  by  this  way 

transmitted  into  the  cerebellum,  and  into  the  whole  of  its 

>rtical  or  cineritious  substance ;  for  the  superior  peduncles  of 

cerebellum,  or  the  processus  ad  testes  which  flows  proxi- 

latcly  into  the  cerebellum,  receives  these  rays  presently.'     Any 

ibre  which  tends  from  the   cerebellum  into  the  eye,  emerges 

ikewise  from  this  process. 

550,  In  respect  to  motions,  both  in  respect  to  those  which 

natural  and  those  which  are  voluntary :  Neither  the  cere- 

jllura   nor   the    cerebrum  communicate  their  actions  to  the 

ineal  gland.     For  the  cerebrum  acts  from  its  surface,  where  its 

ibstouce,   and   thus   where   the    origin    of  its   fibres  is   con- 

flomemted,  hut  it  docs  not  act  from  the  centre.     The  cerebrum 

Iso  does  not  determine  any  fibres  towards  this,  its  centre ;  but 

leads  them  forth  by  other  ways  altogether ;   likewise   the 

^rebellum.     Wherefore  this  gland  is  a  centre  of  the  actions  of 

le  cerebrum,  the  cerebellum,  and  the  niodulla  oblongata,  only 

respect  to  their  chymical  functions,  and  not  in  respect  to 

ktions  and  motions. 

^  CoiUfUll  on  this  atiliject  the  Editor's  note.     Vol.  I.  p.  767. 
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551.  The  third  venticle,  also  called  the  common  cavity  and 
the  rima,  arises  by  an  opening  in  the  middle,  between  the 
thalami  optici.  It  is  separated  on  either  side  from  the  lateral 
ventricles  by  a  medullary  Bubstance.  On  top  it  is  bounded  by 
ita  own  proper  ceiling,  which  is  double,  ["  velum  interpositum  " 
and  "soft  commissure"],  each  of  which  reaches  to  either  side. 
This  *'  ceiling  "  is  jdclding,  and  easily  broken,  and  it  then  gaps 
open  along  the  edges  of  the  thalami.  Below,  or  at  the  bottom, 
it  is  bounded  by  the  common  striated  plane  [crusta  of  crura 
cerebri],  and  there  it  approaches  more  nearly  to  the  anterior 
portion  of  the  cerebrum.  Two  umhilid  close  its  two 
extremities;  the  pineal  gland  on  the  one  side,  and  the  base  of 
the  fornix  on  the  other.  From  one  end  of  it  to  the  other  there 
runs  a  large  vein  [vein  of  Galen]  united  in  the  middle,  but  on 
either  side  divided  into  two  vessels.  Shoots  of  little  veins  enter 
into  it  in  sufficient  numbers,  and  on  one  side  they  unfold  or 
ramify  over  the  pineal  gland  and  the  anterior  tubercles  of  the 
corpora  quadrigemina,  and  through  the  edges  and  sides  of  the 
aqueduct  of  Sylvius  underneath.  This  ventricle  with  its  venous 
blood  is  enclosed  by  the  optic  thalamL  It  extends  between  the 
two  lateral  ventricles,  vertically  under  the  middle  portion  of  the 
falx  major,  or  under  the  middle  of  the  longitudinal  aiuus  of  the 
dura  mater,  and  in  the  same  line  with  the  clefts  which  divide 
the  crura  cerebri  and  the  medulla  oblongata  into  two  halves, 
from  the  septum  lucidum  to  the  spinal  marrow.  Some  add  to 
the  third  ventricle  the  superior  and  inferior  fissures  [I.e.,  the 
portion  above  the  soft  commissure],  including  the  foramina,  and 
they  thus  extend  its  limits  beyond  the  poles. 
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652.  WlLUS.' — Uuder  the  prominences  which  we  have 
described  above,  a  narrow  cavity  or  ventricle  extends  for  a 
considerable  length  ;  which  seems  indeed  to  perform  important 
uses,  although  it  appears  to  be  only  of  secoudary  importance, 
and  to  owe  its  existence  merely  to  a  certaia  chance,  namely,  so 
far  as  the  processes  of  both  prominences  [i.e.,  of  the  corpora 
quadrigemina]  had  to  be  conjoined  with  one  another,  and  to  be 
distinguished  from  the  medullary  caudex  underneath.  Two 
foramina  open  into  this  ventricle,  one  of  which  is  situated  at  its 
beginning,  and  the  other  at  its  end  ;  and  through  the  middle  of 
the  cavity  a  declivitous  opening  tends  towards  the  infnndi- 
bulum ;  so  that  the  serous  liquid  which  enters  either  of  these 
foramina,  descends  without  delay  to  the  iufundibulum.  Further, 
another  transit  opens  into  the  same  opening  of  the  infundi- 
bulum;  namely,  through  the  first  foramen,  which  is  situated 
near  the  roots  of  the  fornix ;  so  that  from  every  quarter  of  the 
cerebrum,  serosities  are  conveyed  into  this  sewer,  namely, 
through  the  first  forauien  from  the  lateral  ventricles ;  through 
the  second  foramen,  however,  those  humours  descend,  which 
collect  around  the  corpora  quadrigemina;  and  through  the  third 
foramen,  those  humours  find  an  exit,  which  are  deposited  near 
the  confines  of  the  cerebellum  (p.  19).  .  .  .  The  position  and 
structure  of  the  infundibulum  seem  to  indicate  that  some 
humour  out  of  the  ventricles  of  the  cerebrum  is  carried  into  the 
pituitary  gland.  For  that  part  is  so  constituted,  that  a  discharge 
of  humours  ia  effected  into  its  aperture  from  every  angle  and 
recess  of  the  interior  cerebrum,  and  its  appendage ;  and  while 
in  the  various  animals  the  shape  and  the  situation  of  the 
ventricles  differ,  nevertheless  in  ©very  one  of  them  all  the 
ventricles,  of  whatever  kind  they  may  be,  have  apertures  opening 
in  the  direction  of  the  infundibulum  "  (pp.  77,  78). 

553.  ViEUSSENS.*— "  The  third  ventricle  is  a  cavity  very  much 
like  a  long  cleft,  interposed  between  the  thalami  opticL  A 
cineritious  and  soft  substance  covers  it^   up[>cr  part  like  a 


>  "Cerebri  Anatome,"  Cap,  11.,  XII. 
'  "  Xcurographi*,"  Cap.  Xi. 
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ceiling  wherefore  I  call  it  the  "lacunar,"  [the  middle  or  soft 
commissure.]  On  this  cineritious  substance  reposes,  and  to 
the  same  is  united  the  above-mentioned  medullary  tract  [stria 
pinealis.]  When  the  thalami  optici  which  by  the  mediation  of 
this  lacunar  are  united,  are  drawn  apart,  on  account  of  ita 
uncommon  softness  it  is  very  easily  torn;  and  its  torn  particles 
on  both  sides  of  the  third  ventricle  shrink  up  to  such  a  degree 
that  they  scarcely  appear.  After  the  'lacunar'  of  the  third 
ventricle,  [the  soft  commissure]  has  been  examined  and  torn,  so 
that  ita  lateral  portions  are  a  little  drawn  apart  irom  each 
other,  nothing  solid  remains  interposed  between  the  vulva,  [the 
foramen  Monroi]  and  the  anus,  [the  posterior  foramen].  It 
appears  manifestly  that  this  ventricle  is  excavated  within  the 
medulla  oblongata,  and  is  situated  between  itd  two  crura,  the 
optic  thalami.  At  the  same  time  also  the  orifice  of  the 
iufuudibulum  becomes  visible  which  is  appended  to  the  middle 
of  itfi  base,  and  also  the  opening  of  its  gaping  cavity.  Nay,  the 
two  roots  or  pillars  of  the  fornix  are  also  laid  bare,  before  which 
is  placed  the  medullary  body  which  ha^  the  appearance  of  a 
thick  nerve  [the  anterior  commissure],  and  which  is  situated 
transversely  before  it,  and  united  with  it ;  the  *  centrum  semi- 
circulare '  [the  inner  capsule],  also  on  both  sides  around  its 
anterior  portion  enters  most  intimately  into  this  medullary 
body,  and  thereby  joins  the  two  together;  on  this  account  we 
call  it  the  commissure  which  has  the  appearance  of  a  thick 
nerve  [the  anterior  commissure].  This  commissure,  however, 
is  formed  by  the  coalition  of  certain  white  tracts  which  are 
the  first  which  are  brought  forth  in  the  anterior  region  of  the 
cerebrum  from  the  medulla  of  both  hemispheres.  In  the 
posterior  part  of  the  third  ventricle  the  orifice  of  a  duct  [aque- 
duct of  Sylvius]  shows  itself,  which  is  intermediate  bntwenn  the 
third  and  fourth  ventricles,  just  as  through  the  'vulva'  and 
'anus'  the  third  ventricle  seems  to  communicate  with  the 
lateral  ventricles  "  (pp.  04,  65), 

hh^,  Ridley.* — '*  The  three  ventricles,  by  cutting  asunder  the 
>  "  Anatomy  of  the  Brain/'  abftp.  xiii. 
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fomix  near  to  Its  roots,  and  foldiDg  it  backwards  over  tho  corpora 
quadrigeinina  and  the  pineal  gland,  appear  to  be  but  one ;  those 
on  either  side  of  tho  foniix  being  called  the  lateral  ventricles,  in 
which  are  the  corpora  striata ;  that  rima  or  cleft,  however,  so  far 
as  it  is  covered  by  the  fornix,  and  divides  the  thalami  optici, 

ang  the  third  ventricle"  (p.  117). 

555.  WiNSLOU'.' — "  Below,  at  the  thicker  parts  of  the  optic 
thalami.  and  directly  under  their  union,  lies  a  particular  natural 
canal,  called  the  third  ventricle  of  the  cerebrum.  I  call  it  a 
natural  canal,  that  we  may  not  mistake  for  it  an  accidental 
fissure  lying  between  the  thulanii  in  bruins  taken  out  of  the 
cranium.  This  ventricle  opens  forward  into  the  infundibulutn 
under  the  foramen  commune  anterius  \valvii]  by  which  it 
likewise  communicates  with  tJie  lateral  ventricles.  It  has  an 
opening  backward  under  the  foramen  commune  posterius 
[u?t«*]  between  the  thalami  and  the  corpora  quadrigemina, 
opposite  to  tho  small  middle  canal,  leading  towards  the  cere- 
bellum "  (Sect  X.,  no3.  85.  8G). 

5o(5.  MoRGACM.' — "Willis  says,  •  The  optic  thalami  in  man 
are  here  altogether  separated  and  apart  from  one  another,  leav- 
ing a  declivitous  opening  which  is  the  passage  to  the  infundi- 
bulum/  [see  no.  488  above].  Vieussens,  however,  says  on  this 
subject,  '  The  ridges  of  the  optic  thalami  in  man  an?  always  con- 
joined by  the  interposition  of  an  intermediate  medullary  tract, 
and  the  ceiling  of  the  third  ventricle  [soft  commissure] ;  and  I 
maintain  this  in  the  face  of  Dr.  Willis,  who  says  that  for  the 
most  part  they  are  apart  from  each  other,  and  altogether  separ- 
ated,' [see  above  nc».  4S()].  If  now  Uidloy  in  this  matter  sides 
with  Vieussens  in  opposition  to  Dr.  Willis  [see  above  no.  490], 
it  is  necessary  that  bo  should  acknowledge  that  these  parts  are 
conjoined  by  the  interposition  of  a  modnllary  tract  [the  stria 
pinealis  with  the  velum  intcrpositum]  and  of  tho  ceiling 
(lacunar)  of  the  third  ventricle  [soft  commissure],  or  by  the 
interposition  of  one  of  the  two.    In  another  passage,  however, 

^  **  Anatomical  Kxposition  "  etc..  Sect,  X. 
'  "  A*lTer»ari»  Auatomica,"  vi,,  Auimotlversto  x. 
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Ridley  says, '  Yieussens  speaks  of  the  medullary  tract  interposed 
between  the  thalami  optici  [stria  pinealis],  as  though  it  were  only 
one,  but  in  reality  it  is  double,  one  on  each  side'  [see  above  na 
53o].  There,  however,  he  does  not  seem  to  acknowledge  any 
ceiling  [lacunar]  at  all  of  the  third  ventricle,  for  he  does  not  de- 
scribe it;  and  of  that  very  place  where  Vieussens  declares  a 
little  before  that  it  is,  he  says,  *the  rima  or  cleft  which  is 
covered  by  the  fornix,  and  divides  the  thalami  optici,  is  the 
third  ventricle,'  [see  above  no.  554],  Now  as  there  is  so  ^reat 
a  discrepancy  in  this  matter  bctw^een  Vieussens,  Willis,  and 
Ridley,  I  thought  it  necessary  to  enquire  anatomically  what  the 
real  status  of  the  matter  is,  and  unless  I  have  been  deceived  in 
everything,  it  seems  to  me  the  result  of  the  case  is,  that  nature 
in  this  matter  is  not  consistent  with  herself  .  .  .  That  ceiling 
of  which  Vieussens  writes  that  '  it  constitutes  the  upper  part  of 
the  third  ventricle,'  I  have  frequently  seen,  on  the  t*:ip  of  the 
sides  of  the  thalami  optici  which  it  conjoins,  bending  down- 
wards a  little.  Nay,  sometimes  I  have  seen  two,  of  which  one 
was  underneath  the  other;  the  higher  one  of  which  I  would  say 
was  that  '  medullary  tract '  [mentioned  by  Vieussens],  if  he  hod 
not  said  that  it  was  lying  upon  and  was  united  to  that  under- 
neath, [viz.,  to  the  soft  commissure].  But  while  I  declare  that 
I  have  seen  the  former  ceiling  or  lacunar,  [viz.,  the  velum  inter- 
positum],  and  indeed  several  times,  and  sometimes  double,  I 
have  to  state  also,  that  in  some  brains  I  have  scarcely  seen  the 
transverse  ciueritious  lamina  [soft  commissure]  which  is  much 
shorter  than  the  ceiling  [proper] — the  velum  interpositum — 
and  which  does  not  join  the  sides  of  the  thalami  optici  on  the 
top,  but  according  to  the  height  of  the  third  ventricle,  the 
middle  portion  of  the  thalami ;  and  this,  so  far  as  I  am  aware, 
no  one  has  as  yet  mentioned.  In  some  brains,  however,  I  was 
utterly  unable  to  discover  the  least  trace  or  vestige  either  of 
the  '  velum,'  or  of  the  '  lacunar,'  that  is,  of  the  *  transverse  lam* 
ina'  that  has  been  described.  But  lest  any  one,  on  account  of 
what  Vieussens  says  about  the  ports  of  the  lacunar,  being  very 
easily  torn,  and  about  their  shrinking  together  afterwards,  so  aa 
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scarcely  to  appear — lest  any  one,  I  say.  might  suppose  that  oa 
account  of  the  uncommon  softness  of  the  parts,  and  on  account 
of  their  molting  because  of  their  looseness;  that  thus,  whilst  I 
waa  revolving  all  these  things  in  my  mind.  I  tore  the  lacunar 
before  I  succeeded  in  examining  it,  it  will  not  be  out  of  place 
here  to  remind  the  reader,  that  this  happened  to  me  in  such 
brains,  as  in  themselves  were  most  excellently  formed,  and  a^t 
were  of  sufficient  consistency,  while  with  a  slow  and  raised  up 
hand  the  necessary  incisions  were  made,  the  parts  themselves 
remaining  in  their  original  place  within  the  cranium  itself" 
(p.  11-13). 

557.  Steno.* — '•  The  ancients  knew  very  well  that  the  fornix 
ia  not  continuous  with  the  basis  of  the  cerebrum,  but  that  it 
supports  a  substance  with  a  fold,  and  in  this  way  fonns  a  third 
cavity  or  ventricle.  It  is  true  that  by  forcing  in  air  through 
the  foramen  of  the  passage  between  the  posterior  tubercles — 
tesifs — the  fornix  is  raised,  and  thus  by  breaking  the  filaments 
which  connect  it  to  the  basis,  a  large  cavity  is  formed ;  whence 
9ome  have  imagined  that  when  the  spirits  swell  the  cavities, 
the  fornix  rises,  and  that  the  surface  of  the  pineal  gland  on  all 
sides  looks  towards  the  surface  of  the  cavities.  Yet  only  the 
anterior  surface  of  the  pineal  gland  can  be  turned  towards  the 
lateral  ventricles;  but  no  contrivance  whatever  can  turn  its 
posterior  surface  towards  the  ventricles.  But  if  no  air  is  forced 
into  the  cavity  of  the  third  ventricle,  which  is  very  narrow  in 
the  middle,  nothing  else  will  be  found  in  it,  except  the  great 
vein  [the  vein  of  Galen]  which  runs  into  the  straight  sinus,  and 
the  glandular  bodies  [the  choroid  plexuses]  which  accompany 
that  vein.  I  own  that  behind  this  Assure  or  rima,  and  immedi- 
ately below  the  foramen  posterius — anvs — ^there  is  a  cavity 
lined  by  a  part  of  the  choroid  plexus,  and  which  at  the  back- 
part  Is  closed  by  the  pineal  gland,  a  part  of  whieh  is  perfectly 
cuutinuous  with  it;  and  when  the  fornix  is  removed,  this  cavity 

*  **A  t)iM«rtation  on  the  Aiutomy  of  the  Brain,"  1668;  in  Winalow'a 
**Antitomic«l  Exposition"  «tc.,  sitcot.  X.  Cnglisb  Edition  by  DougUa, 
pp.  56-71. 
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reraaios  entire  under  the  pineal  gland,  and  sometimes  is  in  the 
shape  of  an  inverted  horn  (p.  61).  .  .  .  The  third  veotricle  is 
a  very  equivocal  term.  The  ancients  understood  by  this  word 
a  cavity  under  the  fornix  which  they  represented  as  it  were  with 
throe  legs,  that  it  might  support  the  cerebrum  which  lies  u[>on 
it  Sylvius  calls  the  third  ventricle,  a  canal  ibund  in  the 
substance  of  the  base  of  the  cerebrum,  between  the  iui'undi- 
bulum  and  the  passage  which  goes  under  the  corpora  quadri- 
gemina  towards  the  fourth  veatricle.  Some  anatomists  having 
se|)arated  the  posterior  tubercles — it&im — ,  take  the  space 
between  them,  wliich  is  owing  to  their  manner  of  dissection,  for 
the  third  ventricle,  which  coiisequently  sometimes  is  the  fissure 
above  and  sometimes  the  canal  below,  and  some  will  have  it  to 
be  the  space  between  the  aqueduct  and  the  ventricle  proper, 
which  is  likewise  owing  to  the  rupture  of  the  parts  already 
mentioned.  We  have  therefore  three  third  ventricles,  the 
second  of  which  alone  is  the  true  one.  To  these  a  fourth  third 
ventricle  may  be  added,  if  the  small  fissure  under  the  body  of 
the  fornix  would  be  looked  upon  as  a  passage  between  the  two 
anterior  ventricles  and  the  fourth.  Yet  this  is  so  small  and  so 
full  of  the  vessels  and  glands  of  the  choroid  plexus,  that  I  doubt 
very  much  whether  there  can  be  any  communication  that  way, 
between  the  anterior  [lateral],  and  posterior  [fourth]  ven- 
tiicles,  especially  since  Sylvius*  third  ventricle  is  sufficient  for 
this  purpose,  and  likewise  answers  the  design  so  well,  that 
whatever  goes  from  the  lateral  to  the  posterior  ventricle,  must 
first  fill  the  infundibuluni  and  this  canal "  (p.  C4). 

558.  Consult  also  Willis'  Plates  V.  and  VIII.  in  his  •'  Aniraa 
Brutorum,"  in  the  last  of  which  two  openings  are  drawn, 
of  which  one  leads  into  the  infuudibulum,  and  the  other  to  the 
passage  under  the  pineal  gland  and  the  anterior  tubeix:les.  Like- 
wise Vieu&sens'  Plates  VIII.  and  IX.,  where  the  third  ventricle 
apjiears  with  the  optic  thalami  very  much  spread  apart,  whence 
appear  the  openings  into  the  infuudibulum  near  the  base  of  the 
fornix,  and  into  the  canal  under  the  anterior  tubercles  and  tlie 
pineal  gland ;  the  third  ventricle  is  also  cxliibited  very  much 
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distended  in  Plates  XL,  XII.,  XIIL  Further,  Ridley's  Plate  V., 
where  two  large  veins  [the  veins  of  Galen]  are  exhibited  coming 
down  from  the  apex  of  the  upper  part  of  the  plexus  to  the  other 
branch  of  the  plexus,  for  the  whole  length  of  the  third  ventricle — 
which  veins  terminate  in  the  straight  sinus.  There  are  also 
represented  the  two  parts  of  the  choroid  plexus,  of  which  "  one 
is  formed  of  the  second  branch  of  the  basilar  artery,  joined  with 
the  first  by  a  communicant  branch,  becoming  glandulous  near  the 
'  isthmus/  and  especially  under  the  pineal  gland  covered  here 
with  the  fornix." 
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559.  The  third  ventricle  is  like  an  alembic  or  helmet  over  the 
infunclibulum,  or  the  receiver  below.  It  is  also  armed  or  lined 
by  a  thin  blatlder,  or  in  other  words  by  a  membrane  which  is  a 
continiiution  of  the  pia  raater,^  which  through  this  ventricle  is 
continued  to  the  the  pia  mater  on  the  other  sidci  that  thus  it 
may  conjoin  the  inmost  to  the  outermost. 

o(iO.  This  cavern  extends  from  the  base  of  the  fornix  to  the 
pineal  gland,  or  it  is  intermediate  between  the  two  centres;  cue 
of  which  belongs  to  the  cerebrum,  and  the  other  is  common  to 
the  cerebrum  and  cerebellum.  Thus  protected  at  its  extremities 
it  stretches  out  in  the  most  secure  region  of  the  encephalon; 
and  80  far  as  the  dimension  of  its  upper  portion,  or  of  its  top- 
line  is  concerned,  where  its  cleft  or  rinia  is  closed,  it  never 
contracts,  and  thus  is  never  shortened,  but  preserves  its  length, 
no  matter  how  much  the  circumferences  around  it  may  be 
stretched  apart,  and  no  matter  how  much  they  may  be  moved,  or 
may  impinge  against  this  ventricle.  This  also  contributes  very 
much  to  the  welfare  of  the  whole  kingdom  ;  for  thereupon 
depends  the  stability  of  life. 

^  According  to  modern  investigstions  the  inner  lining  of  the  ventrides,  ami 
thus  of  the  third  ventricle,  does  not  conaiat  of  pia  mnter,  but  of  an  hitcgu- 
invnt  peculiar  to  th«  ventricular  spaces  of  tlio  brain  and  spinal  marrow,  called 
tptHtiyma.  The  detinition  of  the  ri>rtuiyma^  as  given  by  VikohuW  is  as 
foUowa  :  "  The  eiwndyma  eunaiata  uf  a  stratum  of  connective  tissue  linefl  with 
epithelium  ;  and  although  this  stratum  may  bo  removed  from  the  surface 
without  any  great  difficulty,  vtill  it  docs  not  ounvtitutv  any  isolated  skin  in  the 
proper  sense  of  that  word,  but  is  simply  that  p<irtiou  of  the  interinudiate, 
connective  5ub«tanceof  Hxc  brain,  called  ut-urfujfia — a  kind  of  cement  in  which 
the  nervous  elements  of  the  brain-substance  are  ltvlgo<l — which  has  reached 
the  surface  ami  dxteuda  over  it."  (G«aantmelt«  Abhandhingen  dor  wisbcfu- 
•chnftliehcn  Medicln."  Knukfurt,  1836  f  p.  8fiU.  See  also  Virehuw'a 
"  Arcbiv,"  etc.,  Vol.  vt,  p.  31S.)— EbiTuli. 
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5C1.  The  optiu  thulami,  however,  recline  against  the  ventricio 
on  either  side,  and  make  up  its  ample  walls.  When  these  ihalanji 
swell  or  raise  up  their  backs,  they  contract  closely  the  whole  of 
the  intormecliate  space  or  belly,  so  that  there  is  presented  to 
the  eye  a  mere  fissure,  extending  from  the  ceiling  to  the  bottom, 
afl  in  the  case  of  collapsed  and  defunct  brains.  But  presently, 
when  the  optic  thalami  subside,  or  constrict  their  swelling 
botiies,  then  the  s<|ueeEed-tip  cavity  is  dilated  on  either  side, 
and  from  a  riraa  or  clolt  it  is  enlarged  into  a  sufficiently  wide 
and  capoinous  trough.  In  order,  therefore,  to  explore  correctly 
the  uses  of  the  members  of  the  brain,  as  well  as  those  of  the 
members  of  the  body,  we  must  not  look  upon,  and  contemplate, 
them  as  dea4i,  but  as  living,  and  thus  as  set  in  motion  as  it 
were.  The  action,  however,  of  the  optic  thalami  upon  this 
cavity  increases  in  the  middle  from  the  top  downward  to  the 
bottom.  And  there  the  ventricle  becomes  ampler,  and  receives 
the  liipiid ;  for  the  top  edges  of  the  cavity  which  extend 
between  the  two  "  umbilici " — the  base  of  the  fornix  and  the 
pineal  gland— cannot  be  easily  dilated,  even  as  they  do  not 
sutf'or  thc^mselves  to  be  elongated,  since  the  "  umbilici "  con- 
stantly preserve  their  original  positions.  That,  neveitheless,  in 
this  direction  also  a  certain  force  of  action  is  exerted,  appears 
from  iho  mexlullary  tract,  that  is,  the  topmost  ceiling  which 
appears  double  by  a  folding  back  [viz.,  the  velum  interpositum] ; 
and  ci!j»ocinlly  because  sometintes  another  ceiling  is  super- 
added, still  under  the  fornix,  with  an  interval  between  the  two; 
and  this  second  ceiling  [viz.,  the  soft  commissure]  is  furnished 
]■ !  2thways  with  its  own  grey  substance,  or  with  an  auxiliary 
i<'i  »  of  expansion  and  contraction.' 

'  Swcdemborg's  Btateineut  cooceruing  the  expansile  cluu«ctor  of  the  aoft 
cominisfture — cotmnijixurii  moUxA — which  ftt  hits  time  was  nut  eupjMttMHl  tu  be  uf 
reguUr  occurrence,  ia  couHrined  by  the  foUowiu^  i-UHen'atious  uf  Kuellikkk  : — 
"  Tilt  roT7imi*««rTi  meUiJt  carric»  ttinaller  cells  with  I,  2,  3,  auU  even  mi»re  pm- 
o.  v<s.  ififl  with  their  coutt-nls  slightly  pigmeotod ;  kuU  at  tbe  mkma  time  it 
i.  .  >iy  zuiuiy  tuic  tibres  of  0,0012 — U,001ti  '"  which  are  arranged  iuareticiiUjr 
:->ri.i<i),  and  ruu  in  a  vertiiukl  uid  horizontal  direction.  It  hu  alao  still  tiner 
Uhrcavhicb  are  under  0,001,'"  &nd  a  few  thicker  ones  uf  0,004.'"  '^(HAyuat'QU 
iiUi  bftwcBKLKUiUbi"  LvipeiiCt  IS54  ;  p.  207,  S  HT).— Euiruu. 


34 


THE  THIRD   VENTRICLE, 


562.  Through  the  common  aperture  over  which  the  pineal 
gland  presides,  the  lymph  enriched  with  spirit,  that  is,  prepared 
for  purification  in  the  subsequent  organs,  pours  in  from  the  two 
reservoirs,  the  lateral  ventricles,  through  the  two  posterior 
foramina,  and  also  from  the  passage  under  the  anterior  tubercles 
containing  the  reserve  lymph  [i.e.,  the  aqueduct  of  Sylvius]. 
And  this  lymph  pours  in  at  such  momeutst  when  the  optic 
thalami  on  either  side  draw  away  or  dilate  the  walls  of  this 
cavern  or  bladder,  and  indeed  it  pouia  in,  in  a  like  manner,  in 
vrhich  it  would  rush  into  the  empty  apace  of  an  air-pump,  or 
of  a  water-pump  where  the  piston  is  drawn  up,  and  where^ 
there  is  very  little  on  top  pressing  against  it ;  for  such  a  force 
of  attraction  prevails  in  every  cavity  of  the  brain,  even  iu  its 
tubes  and  blood-vessels.  There  is  nowhere  any  violent  intrii- 
aion;  but  everything  goes  on  spontaneously,  with  nature  sending 
out  its  invitations;  the  active  force  being  just  as  great  as  the 
passive  force.  For  whatever  is  exacted  by  the  cou<lition  of  the 
body  is  furnished  by  the  blood;  and  what  the  blood  requires 
is  given  by  the  brain,  what  the  brain  gives  being  furnished 
by  its  plexuses,  fibres  and  cortex.  Thus  the  want  in  the 
extremities  imparts  to  the  first  principles  the  power  of  acting 
and  willing  iu  a  suitable  manner. 

563.  The  first  mixture  oi  essences,  namely,  that  of  the  spirit- 
uous essence  with  the  fresh  and  purer  scnim  uf  the  blood,  as  said 
above,  is  conveyed  to  the  posterior  foramen — a?/tt«,  and  is  intro- 
duced into  the  alembic  or  third  ventricle  by  the  meeting  place 
of  the  three  passages  under  the  pineal  gland,  and  is  conveyed 
theace  into  that  cucurbit  which  is  called  infundibulum.  What- 
ever the  latter  does  not  receive  or  sip  in  with  its  mouth,  it 
cannot,  however,  as  it  seems,  regurgitate  or  throw  back  by  the 
posterior  foramen,  wherefore  it  casts  it  out  by  the  anterior 
foramen — v^ulva — which  is  excavated  under  the  medullary 
tripod  or  the  fimbriated  appendage  of  tho  fornix.  Where  there 
is  a  coufiuenee  of  lymph  or  scrum,  there  is  a  reception,  and 
besides  an  exit  or  a  discharge  of  the  residuum.  That  the 
antoiitjr  foramcu  trmnU  a  f)assige  to  tlr 
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lous  liquid,  appears  first  from  the  more  elevated  situation  of 
lis  fonimen  \n  respect  to  the  bottom  of  the  lateral  ventricles, 
near  the  base  of  the  fornix  where  the  ventricles  meet  together; 
aecomlly,  from  its  prosimity  to  the  orifice  leading  into  the 
inftuidibulum  ;  thirdly,  from  the  vein  [vein  of  Galen]  which 
sometimes  is  double,  and  from  the  extremity  of  the  choroid 
plexus,  which  runs  through  the  ventricle :  for  when  the 
ventricle  ia  dilated,  the  above  vein  pulls  the  foramen  in  a 
difl'ereiit  direction,  and  draws  it  open  more  in  an  inward  than 
an  outward  direction ;  fourthly,  it  appears  also  from  the 
infantile  thalami,  as  it  were,  which  are  attached  to  the  larger 
Ualami.  [the  "tuberculum"  or  "genu  auterius,"  see  Meynert 
Kbove,  No.  492j],  and  which  extend  their  fibres  into  this 
Birection  ;  which  cannot  be  done  by  the  larger  thalami :  for  the 
■eneral  force  acts  upon  the  general,  and  the  particular  upon 
■lie  particular,  which  in  the  present  case  acts  upon  the  little 
fcramen,  by  stretching  out  or  extending  its  fibres,  and  thus 
Py  relaxing  the  connection  of  the  parts.  The  optic  thalami 
do  not  send  any  fibre  thither;  for  the  edges  of  the  thalami  on 
the  sides  of  the  third  ventricle  are  but  thinly  lined  with  the 
rfuedulla  of  the  cerebrum. 

I  5C4.  The  superfluous  lymph  of  the  third  ventricle,  which  is 
Bst  out  by  the  anterior  foramen,  flows  back  again  into  that 
very  fficus  which  is  the  common  mart  or  emporium  of  each 
ntera!  ventricle.  Thence,  as  it  were,  by  a  circle  it  returns  to  its 
Brst  threshold  or  its  first  prison  under  the  "nates"  and  the 
nneal  gland ;  and  agiun  and  again  it  fiows  and  reflows  from 
Bbramrn  to  foramen  by  a  kind  of  chymical  circ\ilatiou,  lest  the 
■hird  ventricle  should  ever  lack  its  supply  of  liquid^ — ^even 
■hough  the  fibres  and  the  blood-vessels  of  the  cerebrum  should 
B»t  be  constant  in  their  supply  of  contributions ;  and  lest  any- 
Kiing  of  this  hidden  quintessence  of  the  brain,  destined  for  the 
■toes  of  life,  should  bo  lost  Perhaps  aLso  a  circulation  of  the 
purne  lymph  is  instituted  by  the  isthmus  through  the  interstice 
of  the  double  ceiling. 

565.  llio  serum  of  the  smaller  choroid  plexus  or  of  that  of 
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the  isthmus  is  sprinkled  into  the  same  ventricle ;  for  this  plexus 
spreaxls  out  its  wehs  in  the  three  foramina,  and  also  in  the 
aqueduct  of  Sylvius,  in  order  that  in  this  terminus  it  may  meet 
with  the  serum  of  the  lateral  ventricles  which  is  impregnated 
with  spirit.  Besides,  the  vein  [of  Galen]  together  with  the 
extremity  of  the  larger  plexus,  namely,  of  that  of  the  lateral 
ventricles,  is  reflected  hackwards,  and  passes  through  the  third 
ventricle,  in  order  that  it  may  be  joined  to  the  smaller  plexus, 
or  to  that  of  the  isthmus.  Thus  the  two  run  back  from  focus 
to  focus,  from  centre  to  centre,  in  order  that  from  the  same  point 
under  the  piueal  gland  the  blood  may  be  determined  upwards 
through  the  straight  sinus,  but  the  spirit  of  the  blood  downwards 
through  the  infundibulum ;  each  thus  hastens  to  its  own 
extremity  of  the  transverse  axis,  and  thence  beyond,  in  order 
that  both  may  meet  again  in  the  receptacles  of  the  sinuses,  that 
is,  in  the  fossae  of  the  jugular  veins.  It  appears  hence  suffi- 
ciently clear,  what  sublime  use  nature  carries  on  here  for  the 
universal  body ;  for  the  laige  gland,  that  is,  the  laboratory  of  the 
brain  cares  for  universal  things,  but  the  glands  or  laboratories 
of  the  body  for  individual  or  singular  things. 
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566.  In  the  bottom  of  the  third  ventricle  is  an  opening  into 
an  empty  vessel,  on  account  of  its  shape  and  use  called  infun- 
dihulum  (funuel),  atid  thence  into  the  pituitary  gland.  At  first 
this  organ  swells  out  and  assumes  ampler  dimensions,  but  grad- 
ually it  tapers  oS  into  a  beak,  or  contracts  like  the  neck  of  a 
bottle,  through  which  there  is  a  passage  into  the  pituitary 
gland  by  an  invisible  opening.  The  infundibulum,  however,  is 
DQited  with  the  gland  in  the  middle  through  an  isthmus  or  pro- 
of medullary  substance  furnished  with  insensible  pores; 
while  both  anteriorly  and  laterally  it.  sends  out  membranous 
roducUons  which  are  continued  from  its  surface,  and  which 
fembrRce  the  gland.  For  that  part  of  the  iafundibulum  which 
is  ioserted  in  the  middle  of  the  gland,  and  which  is  almost 
round  in  shape,  so  far  as  its  outer  covering  is  concerned,  passes 
off  into  a  membrane  in  the  direction  of  the  posterior  appendage 
of  the  sphenoid  bone  [viz.,  the  posterior  clinoid  process],  to  which 
it  is  attached  together  with  the  gland.'  Another  part  of  this 
membranous  covering  is  continued  inwards,  and  passing  under 
the  gland  spreads  out  under  it  The  pituitary  gland  ia  thus 
Qfiiced  with  the  infundibulum  both  in  respect  to  its  surface  and 
to  its  substance.     If,  therefore,  alcohol  dyed  with  safifroo  or  any 

'  Ai:«ortltog  to  more  recent  obeervationa,  the  oai«r  corering  of  tlie  infim- 
twM  which  cotuUta  of  pi»  water,  pasftct  through  the  dors  mAter  which  U 
errcr  the  lellA  torcica — «n<l  ii  continued  into  tbe  intcigniiMat  or  c^ 
iW  oS  the  piUdtAiT  gUnd.  Bceidtt,  the  sab-&nchooid  ItqtiMt.  acooniiog  tn 
Aftd  Betiiiui,  fMf  throngh  the  dura  UASer  at  the  tame  time,  and  bathe* 
•vHaee  ot  the  pitaitary  gUi)<!,  which,  vo  far  aa  this  opper  aoHace  ia  ooa- 
isd,  is  attached  to  the  dnra  mater  only  aroond  ite  odgea.— Editui; 
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other  stibstance  be  injected  into  the  third  ventricle  with  a  syringe, 
the  dye  passes  through  the  infundibulum.  and  ou  its  way  down- 
wards is  poured  around  the  upper  and  lutorul  portious  of  the 
gland  ;i  the  interior  substance  of  the  gland,  however  is  not 
dyed,  according  to  Vieussena'  experiment.  The  thin  membrane 
which  is  continued  through  the  ventricles  and  their  passages,  is 
led  down  as  far  as  the  opening  leading  to  the  infundibulum, 
which  it  invests.  Below,  the  infuudibnium  receives,  or  there 
approaches  towards  it  [from  without],  a  meningeal  production 
from  the  bottom  of  the  cerebrum.  This  affords  a  passage  to 
the  infundibulum,  and  at  the  same  time  it  is  added  to  the  forme: 
membrane,  and  tightens  the  neck.  This  membrane  is  also' 
attended  by  the  arachnoid  membrane.  This  permeable  chymi 
cal  vessel,  namely,  the  infundibulum,  is  encircled  below  by  the 
vertebral  artery,  where  its  branches  depart  from  the  common 
trunk  towards  the  choroid  plexuses.  At  the  sides  it  is  enfolded 
by  the  carotid  arteries,  which  being  united  to  the  former 
through  the  commuDicant  branch,  form  at  the  same  time  an 
embrace  around  it  It  is  also  irrigated  by  twigs  which  are 
sent  out  thence.  Higher  up  this  same  chymical  vessel  is 
encompassed  by  the  chiasma  of  the  optic  nerves;  so  that  it  rests 
securely,  as  it  were,  in  a  safe  port,  when  the  cerebrum  is 
agitated  and  in  a  state  of  commotion.  In  most  animals  two 
foramina  lead  into  the  infundibulum;  one,  before  the  chiasma 
of  the  optic  nerves,  and  the  other  near  the  same,  according  lo  Dr. 
Willis.  In  the  dog,  the  infundibulum  is  wider,  but  shorter,  and 
rests  upon  and  is  united  with  the  pituitary  gland  like  an  undi- 
\-ided  organ ;  that  very  thin  membrane,  also,  by  which  it  is 
covered,  after  it  is  extended  still  more,  embraces  proximately 
the  gland  underneath.  In  the  sheep,  the  anterior  surface  of 
the  infundibulum,  through  the  mediation  of  tho  pia  mater  is 
loosely  connected  with  the  dura  mater ;  because  a  wide  and 
loundish  foramen  is  in  that  i>art  of  tho  dura  mater,  which  covers 


o 


)  Thitt  U.  it  percolatcfl  (rom  the  inioQilibuliiot  into  tlie  pitoitary  glAmt 
Uiiiiieiliat«ly  under  \\m  iutegoizLcnt  which  li  <)*nred  irom  the  pia  nuiter.— 
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the  upper  surface  of  the  sella  turcica.  It  is  different  in  man, 
and  also  in  the  cal£  In  animals  the  medullary  substance  of  the 
iufundibulum  passes  visibly  into  the  gland  itself,  where  it  is  lost 
to  the  sight.  If  in  a  calf  the  infundibulum  be  inflated  by  insert- 
ing a  tube  into  it,  its  further  course  is  swelled  out  a  little;  the 
quantity  of  the  injected  liquor,  according  to  Vieussens,  regurgita- 
ting  out  of  the  gland.  Near  the  extremity  of  the  infundibulum, 
further  down,  there  are  situated  two  mamillary,  roundish 
tubercles,  of  a  white  colour,  lined  with  pia  mater,  and  interiorly 
either  roedullous  or  cineritious  [corpora  albicantia], 

567.  WlLLia* — "In  the  base  of  the  medulla  oblongata,  besides 
the  ends  of  the  vessels  which  are  torn  otf,  and  which  have  been 
described  above,  the  situation  and  structure  of  tlie  infundibulum 
deserve  to  engage  our  attention ;  for  near  the  chiasma  of  the 
two  optic  nerves,  between  the  optic  thalami  which  are  here 
spread  apart,  a  receptacle  is  sent  out  in  the  shape  of  a  tube, 
which  13  covered  ejtteriorly  by  a  thin  membrane  derived  from 
the  pia  mater  and  interiorly  is  lined  by  a  medullary  membrane. 
Its  upper  orifice  is  situated  between  the  optic  thalami,  and  it 
receives  their  declivitous  cleft;  a  short  tube  sent  out  thence 
lodges  in  the  pituitary  gland.  I  saw  this  tube  in  the  brain  of 
a  horse  of  the  size  of  a  quill-peu,  transparent  and  filled  with 
limpid  water ;  so  that  there  was  no  room  for  doubting,  that  ser- 
ous iKpiids  descend  by  this  way  from  the  cerebrum  into  the 
pituitary  gland.  .  .  .  Near  the  lower  margin  of  the  infundi- 
bulum, there  are  in  man  two  shining  white  little  glands  [corpora 
albicantia];  but  in  animals  there  is  found  only  one  which, 
however,  is  much  larger,  (p.  20).  ...  If  any  one  takes  but  a 
cursory  view  of  the  parts  which  are  situated  around  the  ven- 
tricles, and  if  he  examines  their  structure  but  lightly,  he  will 
easily  agree  with  the  Ancients,  that  the  excrements  of  the  cere- 
brum are  discharged  partly  through  the  infundibulum  into  the 
palate  underneath,  or  that  in  an  anterior  direction  they  are  cast 
out  through  the  olfactory  bulbs  into  the  nares.  .  .  .  But 
in   order  to  meet  an  objection    made   to  the   idea  that   the 

'  "Cerebri  Auatome,"  Cap.  ii.,  xlt 
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cerebnim  is  purged  in  some  measure  through  these  emunctory 
orgaDS,  we  may  state,  that  in  liviog  beings  liquids  eaeily 
percolate  through  places  which  seem  impervious ;  for  whea 
the  pores  and  passages  which  exist  in  every  part  of  the 
animal  body  are  dilated  by  spirit  and  heat,  they  transmit 
a  shower  of  serum  with  the  same  ease  as  the  loose  texture  of  a 
woollen  cloth.  This  is  very  piain  from  arthritic  affections, 
during  which  a  serous  fluid  gradually  creeps  through  the  ner- 
vous bodies,  and  passing  through  the  least  spaces,  sometimes 
makes  these,  and  sometimes  other  parts,  the  recipients  of  the 
deposits  of  the  humours  ;  it  is  also  obvious  that  membranes  and 
nervous  processes,  like  sponges,  imbibe  these  serous  humours ; 
for  on  a  slight  pressure,  they  again  give  them  out  en  viaase. 
.  .  .  In  reality,  the  transit  of  humours  in  the  living  animal  body 
is  not  effected  simply  through  ducts  and  open  canals;  but  a 
watery  and  more  attenuated  liquid  makes  its  way  through 
the  solid  and  compact  bodies  of  the  nerves  as  through  bits  of  a 
sieve,  and  likewise  through  fibres  and  membranes,  so  that  it 
penetrates  from  place  to  place,  through  imperceptible  narrows  or 
straits.  .  .  .  This  is  the  case,  very  plainly,  with  the  infundi- 
bulum,"  (p.  77).  See  also  his  Plates  L,  II.,  V.  in  the  "  Anatome 
Cerebri,"  and  Plate  VI.  in  his  "  Anima  Brutorum." 

.568.  ViEUSSENS.* — "The  infundibnlum  is  a  vessel  covered 
with  pia  mater,  soft,  greyish- white,  and  short.  It  opens  into 
the  third  ventricle,  is  situated  immediately  before  the  chiasma  of 
the  optic  nerve3,  and  rests  upon  the  pituitary  gland  Nature 
has  appointed  for  it  the  duty  of  receiving  a  certain  aqueous 
humour  emanating  from  the  brain,  and  of  transmitting  the  same 
to  the  pituitary  gland.  Althotigh  I  described  the  iafundi- 
bulum  as  a  vessel,  and  although  I  do  not  deem  it  quite 
unworthy  of  that  name,  because  that  part  of  it  which  opens 
into  the  third  ventricle,  is  evidently  hollow;  yet  its  structure 
differs  from  the  texture  of  the  remaining  vessels  of  the  body  in 
this  respect,  that  it  is  not  merely  membranous,  and  that 
throughout  the  whole  of  its  extent  it  does  not  seem  furnished 

»  "NfturogmphiA,"'  Cftp.  VTO.,  XIII. 
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with  a  sensible  passage,  as  is  the  case  with  the  rexnaiaing 
vessels.  Still  by  ocular  iDspection  it  is  patent  that  its  lower 
part,  which  is  inserted  in  the  pituitary  gland,  consists  merely  of 
insensible  pores;  and  this  is  also  proveil  by  an  experiment, 
namely,  by  introducing  alcohol  dyed  of  a  saffron  or  any  other 
colour,  by  means  of  a  syringe  into  the  third  ventricle  of  the 
cerebrum,  after  this  has  been  opened  on  the  top.  For  if  this 
experiment  be  tried,  it  will  be  seen  that  only  the  most  subtle 
particles  of  the  spirit  of  wiue,  not  quickly»  but  very  slowly, 
flow  past  {prwierlahuntur)  the  infundibulura,  and  alight  upon 
the  pituitary  gland.  When  this  gland,  after  the  experiment 
has  been  accomplished,  is  cut  into  sections,  it  appears  manifestly 
that  the  liquid  has  touched  only  its  upper  and  lateral  parts ;  for 
its  interior  substance  appears  nowhere  affected  by  the  colour  of 
the  injected  liquid.  Although  therefore  the  lowest  part  of  the 
infundibulum  is  not  provided  with  a  sensible  perforation,  as  I 
just  said  above,  still  it  nevertheless  appears  to  me  partly  hollow, 
and  partly  spongy,  and  consequently  to  be  furnished  with  loose 
pores,  and  to  consist  of  a  substance  which  is  highly  fitted  for 
the  reception  of  a  certain  aqueous  humour,  and  for  excreting 
the  same  again.  But  lest  the  mode  by  which  this  excretion  is 
carried  on  should  remain  unknown,  I  have  to  note  first,  that 
that  part  of  the  above  excretory  vessel  which  presses  imme- 
diately upon  the  pituitary  gland,  is  divided  into  two  branches ; 
and  that  one  of  these  which  rests  upon  the  upper  and  middle 
region  of  the  aforesaid  gland  and  is  attached  to  it,  at  first 
preserves  a  somewhat  round  shape,  but  by-and-by  passes  off 
into  a  membrane,  and  tends  towards  the  poattsrior  process  of  the 
sphenoid  bone,  to  which,  as  well  as  to  the  gland  below,  it  is 
attached.^  The  other  branch,  however,  tending  forwards,  is  at 
first  spread  out  a  little  like  a  membrane,  and  passes  under  the 
anterior  portion  of  the  pituitary  gland,  as  may  easily  be  seen 
in  a  sheep's  skull,  where  the  exterior  surface  of  the  infundi- 
bulum^ by  meaus  of  the  pia  mater,  is  loosely  conjoined 
with  the  dura  mater;  brcntisc  in  sheep,  according  to  nature, 

*  See  footnote  1  on  n.  37. 
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an  ample  and  roundish  foramen  is  leA;  in  that  part  of  the  dura 
mater  which  covers  the  upper  portion  of  the  sella  turcica; 
which  is  differently  arranged  in  man,  in  the  calf,  and  in  most 
other  animals.  For  in  the  latter  the  outer  surface  of  the 
infundibulnm  touches  more  nearly  the  margin  of  this  foramen, 
and  coheres  with  it,  by  the  intervention  of  pia  niatcr.  In  the 
second  place,  it  must  be  noted,  that  in  the  dog  the  excretory 
vessel  under  consideration  is  more  autple,  but  shorter,  than  in 
man ;  since  the  perforation  of  the  vessel  appears  there  mani*- 
festly  produced  as  far  as  the  pituitary  gland.  Besides,  in  the 
dog,  differently  from  what  is  the  case  in  man,  the  calf,  the 
sheep,  and  in  moat  other  animals,  the  infundibulum  rests  upon 
the  gland  as  a  single  undivided  organ ;  it  is  united  with  it,  and 
covered  with  a  thin  membrane,  which,  by  being  extended  farther, 
embraces  proximately  the  gland  underneath.  After  the 
structure  and  the  situation  of  the  infundibulum  have  bcea 
examined,  and  after  the  reasons  of  its  connection  and  associa- 
tion with  the  cerebrum  and  the  pituitary  gland  have  been 
weighed  with  an  equally  balanced  mind,  we  cannot  help  acknow* 
ledgiug  that  its  only  use  consists  in  its  receiving  in  the  capacity 
of  a  larger  lymphatic  vessel,  a  certain  aqueous  or  lymphatic 
humour,  which  rains  down  from  the  brain,  and  which  by  degrees 
it  ti-aiismits  towards  the  pituitary  gland  .  .  .  and,  further,  that 
in  its  downward  passage  this  moisture  penetrates  tlirough  the 
infundibulum,  since  it  cannot  be  discharged  in  any  other 
direction  ...  or  that  it  tlows  underneath  that  membrane,  by 
which  the  upper  portion  of  the  pituitary  gland  is  covered,  and 
where  by  flowing  under  it  gently,  it  is  carried  as  far  as  the 
anterior  and  lateral  parts  of  the  same  pituitary  gland,  where  by 
degrees  it  flows  through  the  insensible  pores  of  the  most 
delicate  membrane  by  which  these  parts  arc  invested,  so  that  at 
last  it  falls  into  tbe  two  receptacles  [cavernous  sinuses]  which 
are  placed  near  the  aides  of  the  sella  turcica  (pp.  48-51).  .  .  . 
As  to  the  'corpora  albicantia,'  thoy  are  two  roundish  bodies 
covered  with  pia  mater,  and  outwardly,  and  also  inwardly,  of  a 
white  colour ;  they  are  pliiced  near  the  infundibulum,  and  ter- 
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mtuatc  in  the'coramissuracrassioria  nervi  jemula*  [the  anterior 
commissure]"  (p.  S2),  Consult  also  Vieussens'  Plates  IV.,  V., 
VL;  in  one  of  which  is  represented  the  portion  of  thepia  mater 
which  covers  the  base  of  the  cerebrum  [Plate  XL  H.  H.],  where 
the  Uiatus  left  for  the  infundibuluni  is  exhibited  to  the  sight, 
together  with  the  two  prominences  of  the  infundibulum  [the 
corpora  albicantia  g.  g.].  In  Plates  XIV.,  XV.,  the  corpora 
albicantia  [G.  G.]  are  seen  drawn  apart,  and  terminating  iu  the 
'anterior  commissure/  or  the  'commissura  crassioris  nervi 
aroula  [F,  F.] ;  likewise  in  Plate  XVII. 

5CS).  Ridley,* — "  The  pituitary  gland  is  covered  on  all  sides 
with  pia  and  dura  mater,  except  that  part  on  its  upper  surface 
in  which  there  is  a  little  rouud  hole,  through  which  the  infundi- 
bulum descends  slopingly  into  it,  being  at  its  entrance  surrounded 
with  a  production  of  pia  mater,  for  its  firmer  connection  with 
that  part  (p.  71)  .  .  .  If  we  considex  the  gland  together  with  the 
appended  infundibulum.  we  shall  certaiuly  tind  a  conformation 
far  different  from  any  other  part  iu  the  whole  body  of  man, 
inasmuch  as  that  which  this  gland  receives  from  the  infundi- 
bulum, or  which  is  the  same  thing,  what  this  infundibulum 
conveys  to  it,  is  not  separated  from  the  mass  of  fiuids  by  any 
visible  secretory  duct,  which  in  its  ordinary  method  nature, 
according  to  observation,  constantly  makes  use  of,  whenever  it 
parts  with  any  part  of  the  blood,  whether  cxcrementitious  or  of 
a  nuture  to  be  received  again  into  the  system,  throughout  the 
whole  compages  of  the  body  (pp.  73-74) .  .  .  Being  therefore  very 
inquisitive  after  the  true  use  of  this  part,  and  despairing  of  ever 
attaining  to  such  a  knowlc'dge  without  first  knowing  the  exact 
Structure  thereof,  iu  addition  to  all  the  other  means  commonly 
made  use  of  in  all  anatomical  inquiries,  I  made  use  of  all  sorts 
of  injections  serviceable  to  such  an  end,  as  of  dyed  liquors,  wax 
and  mercury ;  but  all  with  little,  if  any  success  according  to  my 
expectation ;  the  wax  not  {>enetrating  its  texture  at  all,  the  dyed 
liquors  but  very  superficially,  and  the  mercury,  on  which  I  had 
placed  ray  chief  hope,  by  its  weight  always — do  what  I  could 
'  *•  Anfttomy  of  the  Bcmin,'*  Chaps.  IX.  XV. 
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to  the  contrary — either  breaking  through  the  sides  of  the  infumli- 
bulum,  where  it  leaves  the  brain,  or  else  falling  down  in  greater 
globuli  than  the  extremely  narrow  passages  were  capable  of 
admitting,  and  by  this  means  becoming  altogether  useless  (pp.  75, 
76)  .  .  .  The  infundibtilum  is  a  thin  medullary  duct  covered 
with  pia  mater,  descending  from  the  internal  concave  surface  of 
the  cerebrum,  to  which,  by  reason  of  its  ampleness  towards  one 
end,  and  its  narrowness  towards  the  other,  in  resemblance  to  a 
funnel,  as  well  by  reason  also  of  the  purity  of  its  uses,  the 
Ancients  gave  the  name  of  infundibulum.  In  man  it  is  closely 
invested  with  pia  mater  at  its  very  entrance  into  the  gland, 
and  from  that  place  has  no  manifest  cavity  which  1  could 
discover  by  blast  or  probe,  but  it  is  altogether  of  a  medullary 
substance,  contrary'  to  what  it  is  in  sheep  or  calves;  in  the  last 
of  which,  where  the  parts  are  larger,  by  the  insertion  of  a  blow- 
pipe  into  that  jjart  of  the  infundibulum,  next  to  the  gland,  I 
have  seen  its  further  tract  or  passage  on  its  upper  side,  a  little 
puffed  up  and  a  considerable  quantity  of  water  regurgitate,  as 
though  it  had  Iain  contained  either  in  some  pipe  or  porulous 
substance  of  that  gland.  This  difference  is  not  taken  notice  of 
by  Vicussens,  and  therefore  what  ho  says  of  this  part  seems 
chiefly,  in  this  respect  if  not  altogether,  applicable  to  the 
structure  it  has  in  men.  Those  two  divisions  or  ramifications 
of  this  part  which  the  said  author  mentions,  one  in  an  anterior, 
and  the  other  in  a  posterior  direction,  in  sheep,  calves,  etc,  I 
have  always  found  in  agreement  with  the  descriptions  he  there 
gives  of  them ;  but  1  have  my  doubts  whether  the  first  reaches 
out  and  terminates  aft-cr  the  manner  he  there  describes,  seeing 
I  have  always  observed  the  extremity  of  that  part  in  animals, 
towards  the  anterior  part  of  the  gland,  sinking  as  it  were  into 
its  very  substance,  and  afterwards  becoming  presently  altogether 
imperceptible;  and  in  man  its  termination  just  alter  the  same 
manner,  save  only  that  in  the  latter  ca^e  it  happens  forthwith 
npon  its  approach  to  the  gland,  without  reaching  out  either  in  a 
posterior  or  in  an  anterior  direction  (pp.  77-79)  .  .  .  Conse- 
quently, all  I  can  say  is  that  I  look  upon  the  infundibulum  to 
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bu  no  more  than  a  large  lympheduct  variously  ramified  through 
tbti  pituitary  gland.  dUchargiug  its  moisture  by  those  many 
small  branches  into  the  veins  which  are  dispersed  through  that 
part ;  in  order  that  after  the  manner  in  which  this  is  done  in 
all  secretory  glands,  it  may  afterwards  bo  carried  back  again  into 
the  blood  (p.  SO)  .  .  .  That  this  lymph,  however,  is  only  the 
result  of  the  coDdense<l  vapours  arising  &om  the  arteries  of  the 
choroid  plexuses,  I  am  the  more  readily  inclined  to  believe, 
because  I  never  saw  water  iu  that  part  of  any  sound  brain,  nor 
unsound  neither,  where  the  choroid  plexus  was  firm  ;  and  there 
was  DO  reasonable  ground^  by  the  extravasation  of  senira  in 
some  other  remote  parts  of  the  brain,  to  believe  it  had  its  rise 
from  thence  (p.  82)  .  .  ,  We  must  also  notice  two  fair  white 
bodies  [corpora  albicantia]  on  this  side  of  the  iufundibulum,  in 
that  depre.«fied  part  of  the  brain,  where  the  pia  mater  is  so 
remarkably  double"  (p.  140)  .  ,  .  See  al.so  his  Plates  I.  II. 

570.  WiNSLOW.' — •*  Between  the  base  of  the  anterior  pillar 
of  the  fornix,  and  the  anterior  part  of  the  union  or  coalition 
of  the  rhalami  optici,  there  lies  a  cavity  or  a  little  fossa  called 
infuudibulum.  it  runs  downwards  towards  the  base  of  the 
cerebrum,  contracting  gradually,  and  tenainates  in  a  straight 
course,  by  a  small  membranous  canal,  in  a  softish  body  situated 
in  the  sella  turcica,  and  named  pituitary  gland.  The  infuudi- 
bulum opens  above,  immediately  before  the  thalami  optici,  by 
an  oval  orifice,  named  foramen  commune  anterius  [rit/iiij,  and 
consccjueutly  couunuuicates  with  the  lateral  ventricles  (Sect. 
X.  no.  8+).  .  .  .  The  beak  or  tube  of  the  infundibulum  is  a  very 
thin  pro<luction  from  the  sides  of  tluit  body,  and  is  strengthened 
by  a  particular  coat  given  to  it  by  the  pia  mater.  It  is  bent 
a  little  from  behind  forward,  towards  the  gland,  and  afterwards 
expands  again  aruund  this  gland  (Ibid.,  no.  115).  .  .  .  The 
tubt.'n;uLa  mamillaria  [corpora  albicantia]  which  are  situated 
near  the  beak  or  production  of  the  iufundibuhim,  have  been 
taken  for  glands,  probably  because  of  their  greyish  inner  sub- 
atance,  which  however  doe^  not  seem  to  be  at  all  different  from 

'  **  Anulomical  Expuaition,*' «lfl..  Sod.  x. 
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that  of  several  other  eminences  of  the  medulla  oblongata.  . 
These  tubercles  seem  to  have  some  immediate  relation  to  the 
roots  or  bases  of  the  anterior  pillar  of  the  fornix,  so  that  they 
might  be  named,  as  Santorini  has  done,  the  bulbs  of  these  roots» 
though  they  appear  likewise  partly  a  continuation  of  other 
portions  of  the  cortical  and  medullary  substancej  of  a  particular 
texture  "  {Ibid,,  nos.  113,  114). 

571.  See  in  addition  Bidloos  Plate,  xcvi.  fig.  3,  in  Manget s 
Theatrum  Anatomicum,  where  he  says  that  the  infundibulum 
18  nothing  else,  than  a  certain  overhanging  portion  composed  of 
looser  and  softer  fibres,  situated  between  the  optic  thalami.  but 
not  inserted  in  the  pituitarj'  gland,  and  only  attached  to  it  by 
the  aid  of  membranes ;  a  globous,  not  very  hard  little  body, 
very  much  like  two  little  glands,  is  situated  near  it.  Ruysch 
represents  the  infundibulum  as  furnished  with  little  arteries, 
under  which,  aa  he  says,  aro  two  protuberances  of  the  optic 
thalami.  which  are  wrongly  called  glands,  near  tho  infundibulum. 
(Epistola  xii,  Amsterdam,  1738,  Plate  xiii.,  R). 


[Modern  Authors. 

571a,  ViRCHOW  ^ — "On  the  outside  of  the  infundibulum  there 
is  an  integument  of  pia  mater  which  is  relatively  very  richly 
furnished  with  vessels  of  considerable  size.  This  covering  con- 
sists of  the  well-known  loose  fascicles  and  trabecule  of  connec- 
tive tissue,  and  very  frequently  it  is  furnished  with  small  villi 
and  bluut  appendages,  as  is  often  the  case  with  the  pia  mator 
in  other  parts  of  the  brain.  Occasionally  the  extremities  of 
those  appendages  are  swollen  and  filled  with  calcareous  deposits, 
and  also  here  and  there  the  pia  mater  is  studded  with  grains  of 
sand  (brain-sand,  acervuli  cerebri).  The  vessels  are  almost 
always  very  ample,  and  in  aged  i^^rsons  frequently  wound  in 
spirals,  with  vesicular  enlargements.     The  ependyma  of  tho 

'  Virthow  {R1.  " ITtitcrsuchtingtfa  tiber  die  Entwickolnng  dea  Schxubl- 
gruuileM,"  elc.     Ut.'rliji.  ISTiT.  4t(i. 


third  ventricle  is  vory  decidedly  contiDued  into  the  interior  of 
the  infundibulum,  where  it  generally  forms  a  soft  and  very  frail 
mass  rich  in  nuclei  This  mass,  on  its  exterior  surface,  almost 
always  gives  evidence  of  a  very  scanty  presence  of  nervous 
elements.  Among  these  there  are  occasionally  dark-bordered 
nerve-tubes,  which  accompany  the  infuodibulum  from  above 
downwards.  Nevertheless.  I  could  not  observe  nervous  fibres 
in  all  cases.  There  is  in  addition  in  the  infundibulum  the 
»ame  grey  substance  which  occurs  also  in  the  tuber  cinereum; 
with  the  only  difference  that  in  the  latter  organ  numerous 
corpora  amylacea  are  scattered  through  this  substance,  which 
are  almost  entirely  wanting  in  the  infundibulum.  Ganglionic 
cells  I  have  never  observed  In  the  infundibulum"  (p.  92). 

571ft.  LrscHKA.* — On  the  basis  of  the  investigations  which  I 
have  thus  far  made,  I  feel  compelled  to  declare  that  as  a  rule 
in  the  adult  male  and  femalu  the  infundibulum  has  an  aperture 
only  in  its  upper  extremity  and  in  that  portion  which  com- 
municates with  the  tuberculum  cinercum  ;  further,  that  its 
interior  cavity  presents  a  fissure  which  terminates  in  a  point 
below;  and  that  beyond  this  cavity  it  is  filled  up  by  a  loose, 
reddish-grey  mass.  Only  in  exceptional  cases  the  cavity  of  the 
infundibulum  can  really  bo  traced  into  the  pituitary  gland.  ,  .  . 
In  respect  to  the  composition  of  the  infundibulum,  there  must 
be  distinguished  in  it,  its  membranous  cover,  and  the  whitish- 
grey  or  reddish-yellow  substance  which  is  enclosed  by  this 
membrane.  The  membranous  integument  of  the  infiindibulum 
for  the  most  part  is  a  continuation  of  the  pia  mater,  in  which 
vessels  of  a  considerable  size  are  visible  to  the  naked  eye ;  and 
chiefly  exteriorly  in  a  longitudinal  direction  there  are  always 
attached  to  this  membrane  remnants  of  the  arachnoidea  which 
sometimes  present  the  appearance  of  villi  This  membranous 
cover  at  the  beginning  of  the  infundibulum  is  extremely  ihin 
and  easily  torn.  .  .  .  Further  down,  the  pia  mater  of  the 
infundibulum  grows  thicker  and  becomes  very  much  firmer,  it 

*  Utxi-hkA  <H.  v.),  **Der  nirouihang  and  die  dt«iB«drtlH  d««  MensciioD.'* 
Ikrlin,  1800:  4to. 
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also  clings  more  closely  to  the  proper  substance  of  the  orj^an. 
In  most  cases,  in  the  adult,  the  inner  side  of  the  pia  mater,  in 
this  port  of  the  infnudibulum,  presents  various  inequalities. 
Here  and  there  the  vessels  bulge  out,  and  iu  the  form  of  loops 
which  are  arranged  iu  various  ways,  they  make  their  way  into 
the  interior  of  the  infuudibulum,  and  sometimes  their  number 
is  so  great,  that  they  alone  constitute  a  loose,  red  substauce  in 
the  interior.  ...  By  these  vascular  loops  an<l  the  prinluctions 
which  result  thence,  not  only  the  cavity  of  the  infnudibulum  is 
obstructed,  but  also  the  proper  substance  of  this  organ  is 
crowded  out  and  broken  up.  ...  A  very  noticeable  ingredient 
in  the  tissue  of  the  pia  mater  of  the  lower  portion  of  the 
infundibulum  arc  glandular  vesicles  or  glandular  sacs,  which 
are  identical  with  those  contained  in  the  anterior  lobe  of  the 
pituitary  gland,  and  which,  in  a  way  to  be  explained  hereafter, 
originate  from  the  gland  The  greater  thickness  and  solidity 
of  the  pia  mater  in  the  lower  end  of  the  infundibulum  is  chiefly 
due  to  these  glandular  sacs.  They  are  usually  most  abundant 
iu  the  anterior  surface  of  the  organ,  and  are  mostly  found  iu  the 
immediate  neighbourhood  of  the  blood-vessels  which  run  in  a 
longitudinal  direction,  and  which  not  unfrequeutly  are  entailed 
in  the  fashion  of  aneurisms.  A  portion  of  the  cellular  substance 
and  of  the  blood-vessels  of  the  pia  mater  of  the  infundibulum, 
which  is  a  direct  continuation  of  the  cerebral  pia  mater,  passes 
over  and  is  lost  in  the  corresponding  integument  of  tho 
pituitiiry  gland,  from  which  there  enter  always  a  certain  number 
of  little  vessels  into  the  substauce  of  the  anterior  and  posterior 
lobes  of  the  gland.  The  fundamental  substance  of  the  infundi* 
bulum  is  really  a  soft,  reddish  grey  mass  which  on  the  one 
hand  is  continued  into  the  tuber  cinereum,  and  on  the  other 
into  the  posterior  lobe  of  the  gland.  .  .  .  But  it  must  be  well 
observed  tliat  the  nervous  substance  properly  constitutes 
neither  the  infundibulum  nor  the  posterior  lobe  of  the  gland, 
to  any  great  extent ;  and  that  the  substance  of  said  lobe 
consists  esftpntially  of  a  growth  of  connective-tissue  ingredients 
and  of  epithelial  elements.     These  ingredients  gain  the  upper 
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hand  more  and  more,  and  the  nervous  elements  grow  less  and 
less,  the  nearer  the  infundibulum  approaches  the  pituitary 
gland.  Before  the  infundibulum  passes  over  into  the  posterior 
lobe  of  the  gland,  there  are  noticed  in  it  only  a  must  subordi- 
nate number  of  fine  nervous  tubes,  and  only  very  few,  mostly 
bipolar  ganglion-cells;  which  besides  are  undergoing  a  peculiar 
process  of  degeneracy.  What  is  met  with  there  chiefly  is 
another  kind  of  cells  which  are  imbedded  in  a  molecular 
substance.  These  cells  are  partly  fusiform,  partly  pear-shaped, 
and  partly  they  are  formations  of  another  kind  which  are 
rami£ed  in  various  ways,  and  which  contain  nuclei  more  or 
clearly  deHned.  Again,  there  are  in  addition  a  considerable 
mber  of  formations  which  mostly  prove  to  be  degenerate 
pithoUal  cells,  deprived  of  their  cilia,  with  very  long  productions, 
e  sharply  marked  and  dark-bordered  stems  or  productions  of 
ese  cells  are  sometimes  continuous  with  the  ramified  pro- 
cesses of  the  above-mentioned  cells.  These  epithelial  cells  are 
thoroughly  identical  with  the  better  preserved  epithelial  forms 
which  Gerlach  has  shown  to  exist  in  the  aqueduct  of  Sylvius. 
To  a  substance  of  this  description  the  human  infundibulum 
chiefly  owes  its  solidity,  and  by  this  substauco  its  original  cavity 
was  filled  up  in  a  similar  manner,  as  by  the  development  of  the 
ingredients  of  the  ependyma,  the  central  canal  of  the  spinal 
arrow  is  not  unfrequently  obliterated  in  part"  (p.  16,  et  eeq.), 
571c.  MUKLLEK.* — "  The  basis  of  the  mesocephale  in  man  is 
continued  at  a  right  angle  into  the  cerebral  stems  or  protrusions 
which  are  situated  under  the  mesocephale  ....  namely, 
into  the  anterior  protrusion  the  taberctdam  or  tAgonuifi 
ciiiereaviy  and  into  the  posterior,  the  in/undilyultiTru  ,  .  .  The 
tuberculum  cinereum,  as  well  as  the  infundibulum  are  hollow; 
the  cavity  of  both  is  connected  with  that  of  the  third  ventricle. 
Where  the  anterior  wall  of  the  infundibulum  meets  with  its 
lateral  and  poeterior  walls,  its  cavity  ends  in  a  point;  and  thence 

(WUhclml.  '^tTeber  Entwiokelung  tind  Bau  der  HypophyAU  und 
!eMUs  iafnnrlibuli.*'  (Jeiifltschc  Kcitschrift  ftir  Medicin  und  Katurwiw- 
tt.     Bd.  Ti.  Leipeig.  1871 ;  pp.  .'134-425). 
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it  is  prolonged  into  a  production,  the  processus  infundibuli, 
■which  follows  a  downward  course,  a  little  in  an  anterior  direc- 
tion, and  at  ite  extremity  it  is  thickened  into  a  club.  This  pro- 
cess is  attached  to  the  posterior  surface  of  the  pituitary  gland, 
and  iu  man  it  is  embraced  in  the  form  of  a  horse-shoe,  by 
comparatively  short,  but  in  the  dog  by  long,  lateral  productions. 
In  all  animals  at  the  time  of  their  birth  it  is  solid  ;  and  only  in 
exceptional  cases  there  extends  between  the  anterior  and  pos- 
terior walls  a  delicate  cleft  which  is  visible  even  to  the  naked 
eye.  This  process  has  a  yellowish  coloiu-;  it  passes  over  into 
the  anterior  wall  of  the  infundibulum  without  any  sharply 
marked  boundary;  into  the  posterior  wall  it  is  continued  for  a 
short  distance,  grarlually  assuming  a  wcdgc-like  form  from  above 
downwards.  That  place  where  the  posterior  wall  of  the  infun- 
dibulum is  formed  exclusively  by  nervous  substance,  is  visible 
for  the  naked  eye  by  a  shallow  horizontal  furrow,  and  a  change 
in  the  colour.  Numerous  finely  stretched  vessels  extend  along 
the  posterior  wall  of  the  processus  inftmdibuli,  imparting 
to  it  an  appearance  different  from  that  of  the  remaining 
walls.  ,  .  , 

*'  The  bottom  of  the  tuberculum  cinereum  and  the  anterior  wall 
of  the  infundibulum  exhibit  the  same  structure.  Both  organs 
on  their  surface  which  is  turned  towards  the  cavity  are  invested 
with  short  cylindrical  epithelium  furnished  with  cilia;  this  is 
succeeded  by  a  thin  layer  of  a  finely  granulated  substance  with 
a  small  number  of  round  and  elliptical  nuclei,  which  are  partly 
provided  with  reticular  areolae  of  protoplasm.  After  this,  in  the 
direction  of  the  circumference,  there  follows  an  extensive  layer 
formed  of  a  fine  tissue  of  protoplastic  threads  which  ana^omose 
in  many  ways;  this  layer  carries  nuclei  of  0,004«  to  O.OOGmm., 
which  are  partly  n>und.  and  partly  elliptical.  The  two  inner  layers 
may  also  be  distinguished  in  the  lateral  walls.  Besides,  the  layer 
which  is  nearer  to  the  outer  oircumforenco,  is  also  much  more 
voluminous,  and  in  a  substance  carrying  nuclei,  which  partly  is 
finely  granulated,  and  partly  fonned  of  fine  fibrils  which  are 
ramified  iu  a  reticular  fasluou,  it  contains  ganglionic   celU  of 


various  sizes,  which  are  mostly  furnished  with  three  productions; 
this  same  substance  also  is  finely  striated  by  fine  protoplastic 
proihictioDS,  which  run  out  in  the  form  of  rays.  The  posterior 
wail  of  the  infundibulum  which  at  the  same  time  forms  its 
bottom,  is  peculiar  in  so  far  that  only  at  some  distance  from 
the  {K)iQted  end  of  the  cavity,  the  layer  containing  the  gangli- 
onic cells  is  continued  from  the  lateral  walls  into  the  bottom, 
and  indeed  in  a  gently  declining  lino  which  runs  in  an  antero- 
posterior direction,  and  from  above  downwards.  This  is  caused 
by  this  circumstance  that  the  bottom  [and  thus  the  posterior 
wall]  of  the  infundibulum,  for  some  distance  from  the  place 
where  it  is  joined  by  the  processus  infundibuli,  has  a  structure 
similar  to  that  of  the  processus,  and  this  modified  structure,  the 
&rther  it  extends  backwards,  the  more  it  is  limited  to  the 
lowest  layers  of  the  posterior  wall.  The  stracture  of  this 
portion  of  the  infundibulum,  like  that  of  the  processus,  is  of  a 
peculiar  character.  Its  chief  substance  in  man.  as  well  as  in  the 
pig  and  the  dog,  is  a  fibrillous  connective  tissue  which  abounds 
in  round  and  fusiform  cells^  and  partly  also  in  ramified  cells, 
which  are  strewn  in  between.  This  connective  tissue  is  gathered 
iu  bundles,  which  decussate  in  various  directions,  just  as  in  sar- 
comas formed  of  fusiform  cells.  In  man  there  are  m  addition 
numerous,  pretty  large,  round  or  fusiform,  and  partly  also  pear- 
shaped  cells,  which  in  their  protoplasm  carry  yellow  pigmental 
nuclei,  in  a  larger  or  smaller  number.  They  are  like  the  cells 
which  impart  a  brownish  tinge  to  the  tissue  in  the  choroidca, 
and  like  those  in  the  pia  mater  which  encloses  the  medulla 
oblongata.  In  those  rare  cases,  where  remnants  of  the  original 
cavity  of  the  processus  infundibuli  are  preserved,  they  are  found 
invested  with  short  ciliated,  cylindrical  epithelium.  Thus  are 
explained  the  observations  of  Luschka,  who  states  that  ciliated 
epithelium  furnishes  one  of  the  constituents  of  the  procesaus 
iniVmdibuli.  From  the  pia  mater  by  which  this  processus  is 
invested,  it  derives  vessels,  which  form  in  its  substance  a  net  of 
irregular  rhomboid  meshes."] 
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572.  If  a  line  or  diameter,  almost  straight,  be  drawn  from 
the  middle  of  the  occipital  bone,  from  the  meeting-place  of  the 
sinuses — the  torcular  Herophili — ;  if  this  line  passes  through 
the  straight  sinus,  afterwards  through  the  apex  of  the  conical 
pineal  gland,  and  thus  through  the  gland  itself  to  the  mouth  of 
the  infundibulum ;  and  if  it  is  continued  through  the  infundi- 
bulum  itself  and  its  process  into  the  pituitar}'  gland,  t.  e.,  into 
the  middle  of  the  sphenoid  bone,  or  of  its  sella  turcica,  where 
the  sinuses  of  the  base  of  the  cranium  meet — we  then  obtain 
the  transverse  axis  of  the  brain.  For  the  sake  of  preserving 
the  proper  direction  [of  this  axis],  the  pineal  gland  itself,  like 
the  tongue  of  a  pair  of  scales,  is  provided  with  a  certain  apo3c, 
wherewith  it  looks  towards  the  straight  sinus,  while  with  its 
basal  surface  which  is  directly  opposite  to  this  vessel,  it  regards 
the  mouth  of  the  infundibulum.  The  iufundibulum  itself  also 
extends  obliquely  forwards,  and  its  processus,  in  a  like  direc- 
tion, extends  to  the  pituitary  gland,  into  tho  middle  or  anterior 
part  of  which  it  is  inserted,  lest  it  deviate  from  the  straight 
line. 

573.  The  opening  (orijicium)  of  the  infundibulum  is  ex- 
panded and  dilated,  when  the  third  ventricle  is  constricted  in 
its  upper  part,  or  when  it  is  reduced  into  a  cleft;  'which 
coincides  with  those  moments  when  the  optic  thalami  rise  or 
elevate  themselves.  Then  also  this  middle  interstice,  the  third 
ventricle,  is  compressed  and  closed  up.  The  bottom  of  this 
ventricle,  however,  is  distended  by  the  moisture  which  has  but 
recently  been  injected  into  it;  consequently  the  opening  which 
from  the  bottom  of  the  ventricle  gaps  into  the  infundibulum, 
is  also  drawn  apart.      The  very  fibre  and    ui'_nibraiic-  of  the 
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ventricle  co-operates  in  bringing  about  tbis  effect ;  and  likewise 

le  pia  mater  [on  the  outside],  which  ia  encountered  here,  and 

offers  a  transit     For  this  membrane,  because  it  ia  expanded 

ith  the  cerebrum,  draws  out  the  margins  of  the  orifice,  and 

lulls  it  0[>en  in  various  directions,  thus  aflfording  a  passage 

the  iuBowing  liquid. 

fi74.  The  very  iufundibulum,  or  its  cavity,  at  the  same  time 

•when  its  opening  is  drawn  apart,  becomes  likewise  more  swollen. 

wider,  more  globose  and  capacious,  yet  at  the  same  time  also 

shorter.     For  the  inflowing  moisture  distends  its  sides,  which  are 

isely  medullary,  soft  and  expansile,  and  yield  easily.    Towards 

the  production  of  this  effect  the  bottom  of  the  third  ventricle, 

the  pia  mater  of  the  cerebrum,  and  the  fibre  itself  of  the  infun- 

dibulum  conspire ;  for  the  bottoni  of  the  vejitride  is  then  com- 

>Tessed  in  a  downward  direction,  and  bears  upon  the  cavity  of 

infundibulum  from  above ;  the  2>^<^  fyiatei'  of  the  cerebrum 

so  in  a  like  manner,  which  being  attached  to  the  same 

►rifice  [on  the  outside]  is  brought  nearer  to  the  pituitary  gland 

Lud  the  sella  turcica  whenever  the  cerebrum  is  expanded,  which 

»iucides  with   the   time  of  expansion  here:  the  fibre  of  the 

Anfundibul am,  however,  is  then  constricted.     It  follows  thence 

that  the  process  of  the  infundibulum,  and  at  the  same  time  the 

lerobranous  productions,  are  then  relaxed,  and  rest  fiaccidly 

^on  the  pituitary  glaud.     All  parts   individually  thus  conspire 

and  lend  their  aid,  so  that  this  cavity  shall  imbibe  the  liquid 

wave  poured  into  it     All  this,  however,  does  not  easily  faU 

ito  the  understanding,  unless  we  make  ourselves  familiar  with 

structure  ;  that  is,  unless  we  consider  that  the  iufundibulum 

•If  as  it  were,  hangs  down  outside  the  cerebrum,  and  that  it« 

ifiee  [in  the  interior]  passes  beyond  the  pia  mater  [on  the 

ide]  j  and  again  tliat  the  pia  mater  doubles  itself,  and  lining 

outer  surface  of  the  infundibulum  forms  productions  which 

are  attached  to  the  pituitary  gland,  and  also  to  the  side  of  the 

turcica;  and  further,  that  the  fibre  of  the  brain  becomes 

ooDstrictcd  and  elongated,  and  that  the  pia  mater  also  is 

titled  outwanl^,  when  the  cerebrum,  the  cerebellum  and  the 
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central  ganglia — the  corpora  striata  and  the  optic  thalami — are 
in  a  state  of  commotion,  that  is,  are  swelling. 

575.  The  reverse  happens,  when  the  third  ventricle  is 
expanded ;  for  then  the  opening  of  the  infundibulum  is 
contracted,  its  cavity  is  stretched  out  into  a  tube  or  slender 
duct,  its  processus  is  erected,  aad  the  remaining  passages  and 
pores  are  everywhere  opened.  The  constriction  of  the  cerebnim, 
the  expansion  of  the  third  ventricle  and  of  the  fibres ;  further, 
the  action  of  the  pia  mater  which  is  doubled  back,  and  of  the 
two  ganglions  [corpora  albicantia]  placed  at  the  sides  of  the 
infundibulum,  contribute  distinctly  to  this  result. 

676.  When  the  cavity  of  the  infundibulum  is  constricted  and  its 
beak — the  processus  infundibuli — erected,  the  enclosed  moisture 
is  expressed  by  two  ways,  namely,  its  lighter,  purer  and  spirituous 
portion  is  pressed  into  the  porous,  bibulous  and  medullary 
substance  of  its  walls,  and  thence  into  the  beaked  process  which 
is  inserted  in  the  pituitary  gland ;  while  the  heavier,  grosser  and 
earthly  portion  is  urged  into  some  lateral  ducts  and  interstices, 
in  proximity  to  the  pia  mater,  which  acts  as  a  lining,  and  thence 
it  is  expressed  above,  around,  and  below  the  pituitary  gland. 
The  superfluous  portion,  however,  regurgitates  into  the  tlxird 
ventricle,  and  is  ejected  through  the  anterior  foramen  (vulva). 
The  infundibulum  is  hence  not  only  a  vas  deferens  or  an 
excretory  duct,  but  it  is  also  a  vaa  secemena  or  a  secretory 
vessel ;  for  those  things  which  in  the  ventricles  have  become 
mixed  up,  thickened,  and  in  a  certain  sense  amalgamated,  the 
infundibulum  separates  and  filters;  namely,  the  purer  from  the 
grosser,  the  spirituous  from  the  earthly,  the  fresh  from  the 
aotiqtiatcd  and  obsolete;  the  former  it  instils  by  a  fibrous 
channel  immediately  into  the  substance  of  the  gland ;  but  the 
latter  it  relegates  around  the  gland,  between  the  sidc^  of  the 
sella  turcica 

577.  That  the  purer  and  npirituous  fluids  which  are  also 
called  the  genuine  animal  essences  and  spirits,  fln^h  here 
through  the  interstices  and  pores  of  the  medullary  substance, 
appears  very  clearly  from  the  nature  of  the  fluid  in  question : 
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for  it  IB  volatile,  highly  clastic,  expansile,  compressible,  most 
jieldiog,  and  hence  most  adapted  to  the  pores  and  the  net- 
work of  the  fibres,  since  it  titillates  gently,  mildly  and  grate- 
fully tho  sensitive  fibres,  so  that  at  its  approach  they  rather 
open  than  contract  This  moisture,  indeed,  imparts  and 
furnishes  to  the  remaining  fluids,  for  instance  to  the  blood,  all 
the  fluidity  thoy  possess.  Such  a  highly  liquid  and  refined 
alcohol  of  animal  nature  which  is  utterly  beyond  the  ken  of  the 
senseSjCannothelp  escaping  into  that  loose  and  bibulous  substance 
of  the  body  of  the  infundibulum,  at  the  first  determining  force, 
however  light,  which  is  brought  to  bear  upon  it;  and  by 
following  the  interstitial  ducts  or  medullar)'  tilamcnts  it  must 
needs  be  transferred  into  the  processus  or  neck  of  the  infundi- 
bulum :  for  this  processus  is  nothing  else  than  a  collection  and  a 
bundle  of  the  flhres  of  the  infundibulum  ;  just  as  is  the  case  in 
the  cerebrum  with  the  body  of  the  fornix,  in  the  cerebellum 
with  the  peduncles,  and  everywhere  in  the  body  with  the  nerves 
and  processes;  for  in  this  wise  tho  spacious  medulla,  which  is 
spread  out  on  all  sides,  and  appears  most  plentiful,  is  gathered 
up  into  one  single  axis.  The  above  processus  is  inserted  into  the 
pituitary  gland  itself,  and  ramified  through  the  same;  conse- 
quently, that  most  refined  and  defecated  fluid  is  there  dispersed 
as  it  were  through  regular  roads.  This  becomes  still  more  evident 
and  is  abundantly  confirmed,  when  we  consider  that  the  cavity 
of  the  infundibulum  is  not  invested  by  any  membrane  or  meninx, 
but  that  the  fibres  on  their  way  into  the  interiors  are  interwoven 
in  a  net^Iike  fashion,  and  aSbrd  everywhere  passages ;  and, 
again,  that  when  the  cavity  is  coutracted  into  a  tube  or 
slender  duct,  or  when  the  infundibulum  is  stretched  out,  these 
fibres  rise,  occupy  their  rea|)ective  places,  and  arrange  themselves 
so  as  to  aflbrd  a  passage;  and,  further,  that  the  ample  medulla 
of  the  body  of  the  infundibulum  cannot  determine  itself  any- 
where else  than  into  the  processus,  as  into  its  peduncle.  It  is 
not  at  all  wonderful  that  this  loose  and  most  subtly  tiibulous 
tvxturo  should  be  impervious  to  common  water,  to  spirit  tinged 
of  a  safiroQ  colour,  to  melted  wax,  oil  and  to  the  probe  ;  since 
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these  liquids,  almost  the  very  lost  of  nature  and  of  too  gross 
a  qiialit}',  cannot  on  any  consideration  enter  into  interstices 
which  are  open  only  to  the  most  attenuated  animal  juice,  which 
is  also  called  the  nervous  juice.  But  if,  indeed,  we  declare 
nothing  else  to  be  pervious,  than  what  may  be  penetrated  by 
an  injection  and  by  dye,  the  moat  sharp-sighted  observers  will 
have  to  abide  in  the  ultimate  dregs  of  nature ;  for  even  beyond 
the  range  of  the  microscope  there  lie  hidden  away  congeries  of 
filaments  which  are  permeated  by  their  liquids,  and  are  scarcely 
visible  except  as  a  kind  of  molecule  or  nondescript  chaos,  when 
myriads  of  them  are  massed  together.  In  this  wise  we  could 
not  be  persuaded  of  anything  from  the  experience  of  effects 
and  phenomena,  except  by  visible  causes  which  strike  the  eye ; 
consequently,  we  could  never  know  anything  about  the  per- 
meability of  substances  in  the  kingdoms  of  nature,  and  still  less 
in  the  anatomical  organisms  of  least  insects,  all  of  which  have 
their  members,  brains,  hearts,  stomachs,  wombs,  muscles, 
blood-vessels,  fibres,  as  well  as  blood  and  spirits.  If  we  should 
attempt  to  inject  any  of  these  most  distinct  little  machines,  we 
should  quickly  reduce  them  into  some  confused  mass.  So  also 
it  is  an  equally  bootless  task  to  endeavour  to  find  out  by  any  of 
the  elementary  liquids  of  nature  or  by  a  coloured  injection, 
whether  the  infundibulum  be  permeable  as  far  as  the  pituitary 
gland,  or  not.  For  such  an  injection,  by  the  force  brought  to 
bear  upon  it,  destroys  the  organ,  stops  up  passages,  and  lacerates 
connections.  Mercury,  indeed,  penetrates  through  the  organ, 
but  it  comes  out  at  the  surface  and  is  scattered.  In  order  to 
carry  on  .an  experiment  properly,  it  is  necessary  that  the 
infundibulum  should  not  lie  in  a  collapsed  condition,  and  that 
its  cavity  should  not  be  distended  by  any  infusion,  but  that  it 
be  raised  a  little  on  the  outride,  and  gently  brought  into  its 
natural  position ;  otherwise  not  even  the  purest  essences  will 
pass  through  it.  This  secretory  organ  abounds  also  vrith  little 
veins,  lest  the  refined  and  defecated  moisture  which  does  not 
transpire  through  the  processus  into  the  gland,  should  escape  into 
the  air ;  but  that  on  the  contrary,  it  may  be  sipped  up  by  the 
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little  mouths  of  the  veins,  and  together  with  the  vapour  of  the 
glaud  may  be  determined  into  the  basilar  siuufies.* 

578.  Experience,  however,  proves  clearly  that  the  grosser 
liquids  which  do  not  penetrate  the  pores  of  the  medullary 
substance  and  the  processus  of  the  infundibulum,  by  ducts  which 
ore  open  in  another  direction,  at  the  aide  near  the  production 
of  the  pia  mater,  rain  down  upon  the  surface  of  the  pituitary 
gland  and  the  parts  around  it ;  for  attempted  coloured  injections 
wfere  seen  to  trickle  down  upon  the  gland  and  around  it  The 
structure  itself  of  the  infundibulum  and  of  its  processus  confirms 
this  manifestly ;  for  the  pia  mater,  from  that  place  where  it 
encircles  the  orifice  [from  without],  is  duplicated,  and  thus  lines 
the  body  of  the  infundibulum ;  and  at  last  it  passes  off  into  a 
production  which,  with  its  extremity,  effects  an  entrance  into  the 
dura  Uifttor,  and  is  affixed  to  it  Now,  when  this  production 
together  with  the  processus  and  the  infundibulum,  is  erected, 
some  ducts  near  the  pia  mater  cannot  help  being  opened,  for 
the  upper  port  of  the  infundibulum,  which  we  call  its  body,  is 
wide,  its  lower  part,  however,  contracted.  When  this  wider 
portion,  therefore,  is  raised  upwards,  the  narrower  portion  which 
is  below,  must  needs  be  drawn  apart  a  little,  and  some  passages 
must  be  opened  through  which  the  grosser  liquid  may  flow 
down.  The  very  fibres  of  the  wider  portion  also,  that  is,  of  its 
delicate  and  tubulous  medulla — arrange  themselves  suitably; 
namely,  one  close  to  the  other,  and  so  far  as  their  size  is 
concerned,  they  become  constricted,  whereby  a  little  space  is 
left  between  the  medulla  and  the  membrane.  The  glands 
[ganglia]  which  ore  near  [the  corpora  albicantia],  also  extend 
their  fibres  then,  and  impart  to  the  pia  mater,  as  well  as 
to  the  fibrous  substance,  the  power  of  withdrawing  from 
each  other.  Besides,  these  humours  are  not  only  grosser,  but 
also  harder;  they  are  not  elastic,  neither  expansile,  nor  com- 
preasible ;  in  themselves  and  in  their  own  nature,  they  are  more 


'  CooevmiDg  ths  muuer  in  which  SwedeDborg'i  theory  of  the  permoability 
of  the  infundibulam  ia  modified  by  modem  investigatioiu,  boo  Note  vi. 
DO.  15. — £i>iToa. 
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sluggish,  acting  by  a  mere  dead  force,  and  by  gravity,  and,  at 
the  same  time  they  abound  with  angular  and  saline  particles, 
and  thus  are  of  a  nature  too  little  homogeneous  as  to  dare 
to  enter  into  any  passages  not  their  own.  If,  now,  these 
humours  arc  sharp,  inert  and  cold,  the  fibres  become  chilled  ou 
their  first  contact  with  them,  and  spue  them  out;  where- 
fore they  recoil  into  their  own  ducts.  In  this  wise,  then,  they 
separate  themselves  of  their  own  accord  from  the  spirituous 
fluids  of  the  animal  kingdom. 

579.  The  infundibulura,  besides,  transmit^  to  the  pituitary 
gland  not  only  these  fluids  of  a  diverse  nature,  but  also  a 
genuine  and  fresh  spirit  For  a  copious  libro  descends  into  this 
orgau  from  the  fornix  and  the  centrum  ovale,  and  the  two 
glands  also  [the  corpora  albicantia]  which  were  formerly  called 
white  glands,  and  likewise  bulbs  of  the  fornix,  press  against  it ; 
and  this  fibre  makes  up  its  vcntricose  body,  and  presently  being 
concentrated  into  a  process  or  peduncle,  it  enters  into  the 
pituitary  gland  itself,  and  infuses  into  it  the  spirit  which  it 
derives  from  its  origins,  that  Ls,  from  its  cortical  substances,  and 
thereby  it  restores  and  vivifies  the  older  spirit,  or  that  which 
arrives  in  the  passages  between  the  fibres.  It  follows  hence 
that  animal  nature  first  mixes  up  and  confuses  as  it  were  the 
menstrua  and  juices,  namely,  the  purer  with  the  grosser,  the 
spirituous  with  the  corporeal,  the  active  with  the  sluggish,  and 
the  fresh  with  the  antiquated,  and  indeed  in  its  first  reservoirs 
or  ventricles,  as  has  been  observed  above ;  and  that  presently  it 
separates  again  into  their  elements  and  principles  the  liquids 
that  have  thus  been  commingled,  and  lightly  connected,  which 
is  done  here  in  the  infundibulum,  and  afterwards  in  the 
pituitary  gland,  and  in  the  sinuses  at  the  base  of  the  cranium; 
and,  indeed,  for  this  purpose,  that  it  may  always  have  at  its 
disposal  for  its  various  uses  a  fresh,  regenerated,  and  homo- 
geneous fluid,  oud  that  thus,  even  in  composite  parts,  it  may 
live  iu  its  own  first  principles,  into  which  it  returns  at  every 
alternate  period  in  its  circulation,  and  thus  purifies  itself. 
This  chymical  operation  which  is  accomplished  iu  the  iufundi- 
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luIuzB  and  finally  in  the  pituitary  gland,  may  be  called  not 
ily  a  secretion  and  purification,  but  also  a  rectification  and 
IcobolisatioQ. 

580.  In  connection  with  the  infundibulum  it  is  also  worthy 
of  being  znentloned  that  the  structure,  capacity,  and  insertion 

if  its  processus  differs  very  much  among  brute  animals,  and  that 

le  whole  arrangement  among  them  is  very  different  from  what 

is  in  human  brains.     In  horses  the  processus  is  said  to  equal  in 

a  goose-quill,  and  to  bo  visibly  distended  by  a  fluid;  in 

kes  and  sheep,  we  are  told,  an  injection  penetrates  as  far  as 

le  gland,  and  regur^tates,  and  in  the  dog  the  processus  forms 

uniform  organ  with  the  gland.     In  man,  however,  the  extremity 

the  infundibulum  is  said  to  be  thin,  and  to  pass  oif  into  small 

productiona     All  these  are  sufficient  indications,  that  in  man 

lat  vital  spirit  or  animal  juio«,  which  constitutes   also   the 

iterior  essence  of  the  blood,  is  much  purer,  sublimer,  and  more 

imoved  from  the  acumen  of  our  senses,  than  it  is  in  brute 

animals;  and.  again,  that  a  smaller  quantity  of  that   spirit 

ifficeH  for  beings  who  arrive  at  their  maturity  more  slowly,  and 

less,  than  for  animals  which  acquire  the  whole  bulk  and 

ire  of  their  bodies  in  one  year,  or  at  least  within  five  years. 

id  which  cannot  withstand  the  cravings  of  a  voracious  and  ill- 

lisciplinnd  stomach. 

581.  It  is  worthy  of  being  added  here,  that  all  the  substances 
which  the  organs  of  the  laboratory  are  constructed,  seem  to 
concentrated  in  the  infundibulum;  as  if  the  soul  here,  from  a 

irtaiu  r-c'ijtre  or  from  a  certain  ultimate  goal,  desired  to  louk 
mnd  and  to  become  conscious  again  of  what  is  being  trans- 
ited in  the  circumferences  and  in  the  universal  camp ;  or  that 
may  see  as  in  a  conclusion  what  is  contained  in  the  things 
\t  precede  and  in  the  premises.  For  the  medullary  subatAnce 
the  infundibulum  is  derived  from  that  of  the  fornix  and  of 
le  stria  pinealis — the  ceiling  of  the  third  ventricle — which  is 
produced  downwards  chiefly  between  the  optic  thalami ;  from 
lat  substance  the  soul,  as  it  were,  is  able  to  know  thoroughly 
rhat  is  beius  transacted  in  the  third  ventricle,  the  two  lateral 
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ventricles,  and  besides,  in  the  fornix  and  the  corpus  callosum. 
On  this  account  also  two  glands  or  ganglia  [corpora  albicantia] 
are  placed  near  the  anterior  commissure  {<i(yfmt\A%m/ra  eras- 
aioria  nervi  CBmula)  or  the  concourse  of  the  "  geminum  ven- 
tnim  semicirculare  "  [inner  capsule].  The  infundibulum  is  also 
situated  vety  near  to  the  optic  nerves  or  their  chiasma ;  and  as 
these  nerves  communicate  with  the  isthmus  and  the  pineal 
gland,  it  seems  as  if  information  was  derived  through  them  of 
what  is  being  transacted  there  in  a  general  manner.  From  the 
pia  mater  [the  ependyma]  with  which  the  infundibulum  is  lined, 
the  soul  may  learn  what  is  being  done  in  each  of  the  cavities ; 
from  the  two  communicant  branches  of  the  vertebral  and  carotid 
arteriesi  which  like  arms  embrace  the  area  of  the  infundibulum 
and  send  shoots  into  it,  what  takes  place  in  the  choroid  plexuses, 
for  those  branches  provide  for  these  plexuses;  and  from  the 
little  veins,  finally,  how  matters  are  going  on  in  the  sinuses. 
Perhaps  by  the  aid  of  additional  anatomical  experience,  we  may 
also  be  able  to  confirm,  that  the  cortical  convolutions  of  the 
cerebrum  of  this  region,  namely,  those  which  are  in  the  inter- 
mediate neighbourhood  of  the  infundibulum,  are  the  same  which 
send  out  fibres  to  the  corpus  callosum  and  the  fornix,  and  thus 
construct  the  principal  fabric  of  the  organs  [of  the  laboratory], 
and  which  finally,  after  accomplishing  their  course,  are  reflected 
back  into  the  infundibulum. 
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581a.  The  inftindibulum  is  like  a  deferent  vessel  through 
which  a  liquid  commingled  with  its  alcohol,  or  a  noble  spirit- 
Qotu  essence  wedded  to  the  lymph  of  the  choroid  plexuses,  is  led 
away  from  the  alembics  and  reservoirs  of  the  laboratory.  For 
into  the  infundibulum  there  is  intruded  in  alternate  periods  a 
swiftly  moving  fluid  which  does  not  stop  its  course  until  it 
reaches  the  pituitary  gland  below,  into  which  the  infundibulum 
inserts  its  root  obliquely  forward.  Its  cavity  swells  at  first,  in 
order  to  receive  all  that  is  poured  into  it ;  but  presently  where 
it  is  inrooted  in  the  gland,  it  becomes  narrower;  it  also  lines 
the  gland  with  a  membrane,  and  thus  seals  it  up.  The  animal 
spirit,  the  spirituous  lymph,  and  the  serum  which  had  been 
combined  in  the  ventricles,  seem  to  be  separated  here  again  from 
each  other,  lest  on  being  removed  from  a  colder  region  they  be 
thickened  and  coagulate.  The  purer  and  spirituous  portions  of 
the  liquid  pass  through  the  middle  of  the  gland,  while  the  more 
sluggish  and  respectively  residuous  portions  descend  on  tho  sur- 
face of  the  gland,  and  thence  are  drawn  off  under  the  surface, 
and  also  between  the  latter  and  the  parietes  of  the  sella  turcica. 
Both  fluids,  however,  arc  introduced  by  different  ways  into  tho 
blood,  so  that  they  may  circulate  in  it,  and  be  rectified  over  and 
over  again.  The  great  secret  of  animal  chymistry  seems  to  consist 
in  uniting  and  separating  again  its  menstrua  and  extracts; 
ao  that  nowhere  an  incongruous  substance  may  be  added  to  one 
which  is  congruous,  and  a  dissimilar  one  to  one  which  is  simi- 
lar, or  in  case  such  an  addition  should  have  been  mado,  that  it 
may  not  remain  inherent.    Animal  chymistry  is  thus  constantly 

>  Tma  Codex  65,  m  reproduced  in  Vol.  IV.  of  the  pliutolitliographed  ilSS. 
of  Sir«l«nborg,  pp.  383-399.     From  ihe  yeur  1735-1738. 
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active  in  the  work  of  purification  and  refining,  so  that  there 
shall  always  be  in  readiness  a  new  lymph,  invigorated,  defecated, 
and  in  every  way  suitable,  its  vile  and  useless  portion  which 
can  no  longer  be  resolved,  having  been  expelled;  so  that  by 
virtue  of  these  perpetual  dissolutions  and  unitions,  the  animal 
system  may  always  enjoy  its  appropriate  heat,  and  live.  Is 
the  cortical  and  cineritious  substance  of  the  two  brains  and  of 
both  medullae,  is  transacted  the  ultimate  and  most  consummate 
resolution  of  all  particles  into  their  elements ;  afterwards  this 
same  process  takes  place  everywhere  in  the  body.  The  unition 
of  all  the  parts,  however,  and  also  their  commingling  takes 
place  in  the  heart,  as  in  a  whirlpool  or  caldron  ;  and  likewise  ia 
a  lesser  degree  in  some  veins,  in  the  spleen,  paricreas,  in  th 
glands  and  elsewhere.  There  is  thus  a  perpetual  solution  and 
disniption  into  parts,  and  the  parts  that  had  been  separated  are 
again  reunited.  Hence  it  is  that  animal  chymistry  at  the  very 
outset  separates  in  the  infundibulum  the  thicker  from  the  more- 
volatile  parts,  so  that  the  two  shall  not  coagulata  But  these 
points  will  now  be  examined  more  in  detail.  ^B 

5816.  ArguvienL — By  means  of  the  constriction  and  expau-^B 
sion  of  the  optic  thalami  and  the  corpora  albicautia  which  are  ' 
situated  underneath,  the  infundlbiilum  is  opened  and  closed  iu 
alternate  periods.  And  this  is  done  in  a  peculiar  manner,  soflB 
that  the  liquid  which  is  poured  into  it,  shall  be  expressed^^ 
through  the  fibres  and  ducts  of  its  tube-like  body.  The  spirit-  ■ 
uous  lymph  itself,  indeed,  is  expressed  into  the  pituitary  gland, 
and  the  grosser  serosity  commingled  with  the  purer  lymph 
secreted  from  the  choroid  plexuses,  is  excreted  around  it.  The 
infundibulum,  consequently,  is  not  only  a  deferent  but  also  a 
secretory  vessel  to  the  end  that  the  secreted  liquids  may  ente 
distinctly  into  the  blood.  It  is  different  with  the  brute  animal9«i 
whose  animal  spirits  are  grosser,  and  iu  whom  there  is  requ 
a  larger  amount  of  nutritive  juice. 

oHlc.  By  means  of  Uu  conMriction  and  ezpansi<yii  of  t 
optic  ihalami,  ike  IvfwruUhidwrn.  is  ojiencl  and  dosexl:  for  i 
is  situated  altogether  between  the  hea<is  of  iIr-su  organs  wl 
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©y  are  most  abundantly  provided  with  grey  substance, 
enever,  therefore,  the  grey  substance  of  these  bodies  is  con- 
ricted,  the  cavity  which  is  established  between  them  must 
eeds  be  drawn  apart  everywhere  throughout  its  whole  compass. 
On  this  account  also,  the  third  ventricle  swells  so  far  as  its 
bottom  is  concerned ;  but  it  does  not  swell  as  to  its  ceiling,  as 
as  been  shown  above.  By  thia  procedure  the  oval  aperture 
Into  the  infundibulum]  is  then  opened.  That  cavity  which 
cupies  the  upper  part  of  the  iiifundibuliun,  and  which  is 
hollowed  out  between  the  optic  thalami,  presently  terminates 
little  tubes,  or  in  a  fibrous  substance ;  as  soou,  indoevi,  as  it 
merges  from  between  the  optic  thalami,  and  bulges  out  into 
e  base  of  the  cerebnim  like  the  helmet  of  a  retort;  and 
afWrwaids  it  contracts  into  the  shape  of  a  neck.  Thus  far  also 
he  cerebellum  .necras  to  extend  the  force  of  its  action ;  since 
he  membrane  which  lines  the  fourth  ventricle,  the  valve  of 
ieussens,  and  consequently  the  aqueduct  of  Sylvius,  the  lateral 
cntricles  and  the  foramina,  seems  to  be  a  continuation  of  the 
eoinx  around  the  peduncles  and  the  vermiform  processes 
f  the  cerebellum ;  which  membrane  in  a  certain  njspect 
also  extended  around  the  straight  sinus.  This  membrane 
ms  at  last  to  be  broken  up  in  the  infundibulum  into 
ittle  tubes;  for  there  the  proper  membrane  of  the  cerebrum 
the  pia  mater — begins,  which,  with  its  vessels,  chiefly  engirds 
e  process  of  the  infundibulum  [on  the  outside].  The  processus 
f  the  infundibulum  is  also  encompassed  by  vessels  from  the 
ranchns  of  the  baa^lar  artery,  which  is  under  the  government 
f  tho  cerebellum ;  the  ampler  portion  of  the  infundibulum 
engirded  by  these  vessels,  as  well  as  by  some  small  branches 
the  carotid  arteries  which  obey  the  cerebrum. 
581<i.  The  infundihiduin  is  specially  opened  and  closed 
ptrxmgh  the  mediation  of  the  corpotu  idbi<xintiu,  whii'h  are 
tuaicd  clme  to  it  This  wo  are  pennitted  to  conclude  from 
his  circumstance  that  the  optic  thalami  act  everywhere  on  all 
he  fonimina  of  the  ventricles,  not  only  in  a  general  way.  but 
alio  in  11  ?pocial  wny,  through  similar  crurifonn  prominences. 
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For  instance,  they  act  on  the  anterior  foramen — foramen  Monroi 
— through  two   prominencea  embedded  in   their  own  bodies 
[tuberculum   anterius,  Meynert] ;    on   the  lower  or  posterior 
foramen  through  the  corpora  quadrigemina ;  wherefore   they 
also  act  on  the  oval  foramen  or  aperture  of  the  infundibulum 
through  the  corpora  albicantla  which  are  placed  underneath: 
for  they  must  needs  be  placed  there,  in  order  to  act  on  the 
aperture  in  the  bottom  of  the  third  ventricle.     This  is  also 
confirmed  by  this  fact,  that  by  a  certain  continuation  they  have 
respect  to  the  anterior  commissure,  and  thus  to  the  roots  of  the 
fornix,  under  which  is  the  orifice  and  cavity  of  the  infundibulum. 
On   this  account  also  the  corpora  albicantia  were  called  by 
Santorini  the  bulbi  fomicis,  and  by  Ruysch,  the  two  protuber- 
ances of  tho  optic  thalami.     These  ganglions,  therefore,  seem 
to  act  specifically  on  the  above-mentioned  orifice  scarcely  other- 
wise   than  the  corpora  quadrigemina  act  upon  the  posterior 
foramen,  namely,  by  a  refiexion  of  fibres  from  the  stria  pinealis; 
in  the  present  case  by  fibres  proceeding  from  the  anterior  com- 
misure  or  the  roots  of  the  fornix.     The  corpora  albicantia  seem 
to  exert  an  influence  not  only  upon  the  orifice  of  the  infundi- 
bulum in  the  bottom  of  the  third  ventricle,  but  they  would  seem 
also  to  act  upon  the  process  of  the  infundibulum  about  to  be 
inserted  into  the  pituitary  gland     For  a  production  of  the  pia 
mater  cucIoscb  said  opening  [from  without],  and  this  membrane 
seems  to  be  continued  from  tho  corpora  albicantia.     This  also 
coincides  with  the  action  of  these  bodies ;  that  is,  if  wc  grant  that 
they  expand  and  contract  with  their  parent  thalami     How  those 
corpora  depend  upon  the  optic  thalami  may  be  seen  on  com- 
paring Vieussens'  Plates  generally  with  his  Plate  XII.     They  are 
also  reported  to  contain  some  ciueritious  substance,  and,  accord* 
ing  to  Winslow  they  are  just  like  tho  remaining  [ganglionic] 
protuberances ;  although  others  declare  them  to  bo  altogether 
white  and  medullary/ 

'  The  gan^oAtc  cbantoter  of  the  oorpura  &lbicautiA  or  c«tidioant3«  is 
ftilmltteil  g«neraUy  by  nxntern  scioiiec.  Su  Mevxekt  says,  '*The  corpus 
candicwta  (or  tnamnuJkrej  is  a  gatigliouj  wfaicii  lies  in  a  loop  made  by  Ui« 
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581^  AtidL  this  is  done  in  a  peculiar  manner,  as  we  are 
allowed  to  conclude  from  the  application,  position,  and  figure  of 
the  bodies  [corpora  albicantia]  acting  upon  the  infuudibuhira, 
and  of  the  membranes  by  which  that  organ  is  constricted.    For 
at    first,  80   long  as   the   optic    thuiami   are   constricted,   the 
upper  cavity  of  the  infundibulum  which  is  wrought  into  these 
bodies  is  opened,  together  with  its  opening  into  the  third  ven- 
tricle— the  corpora  albicantia  lending  their  special  aid.     At  the 
Rame  time  the  lower,  ventricose  part  of  the  infundibulum,  which 
is  fistulous  or  medullary,  and  which  protrudes  beyond  the  sur- 
face of  the  cerebrum,  is  relaxed;  and  this  takes  place  at  the 
si»me  time  when  the  surface  or  basis  of  the  cerebrum,  and  the 
monibrane  by  which  it  is  invested  are  loosened.     Then  also  the 
process  of  the  infundibulum  is  drawn   up,  so  that  the  upper 
boortion  of  the  cavity  only  is  open  to  the  inflowing  liquid,  since 
■the  corpora  albicantia  also  relax  the  upper  orifice  and  the  pro- 
bessus.     Presently,  however,  as  soon  as  the  grey  and  cortical 
pubetaaoe  of  the  thalami  and  of  the   cerebrum  expands,  the 
upper  cavity  of  the  infundibulum  together  with  the  bottom  of 
the  third  ventricle  is  closed  up  or  constricted,  and  its  lower 
part  which  protrudes  beyond  the  surface  of  the  cerebrum,  to- 
gether with  the  processus  itself  is  pulled  from  all  sides  and  drawn 
■ight,  and  thus  swells  into  a  bell}*.     In  this  state  of  atTairs  all 
be  fistulous  and  fibrous  ducts  are  regularly  opened,  so  that  by 
■he  pressure  resulting  from  the  constriction  of  the  upper  cavity 
bf  the  infundibulum  the  enclosed  liquid  is  urged  into  the  pas- 
pRges  which  are  now  disposed  in  due  order.     This  mechanism 
kf  expansion  and  elevation   is  also   confirmed  by  the  arteries 
■rhich  engird  the  infundibulum  ;  for  as  they  decussate,  accord- 

pnUHnr  pilUr  of  the  fornix  in  twisting  back  npon  itaelf  **  (Strioker'i  "  Manu&l 
r©*  ■ '  V.'*  Amcric.  etUt.  p.  689).     Koblliker  gives  the  following  anatytiis 

M>;  iMiB  DUkniinilarc  :  **The  Soor  of  the  third  ventricle  exhibits  immcili. 

ktely  uitiicrneath  and  behind  the  ant«nor  commiaaure  very  lurge  and  also 
BuUlvrcoIourleftsoellfl  with  from  1  to4,  partly  very  thick,  productions.  These 
pre  Kitoatcd  in  great  numbers  in  rich  plexuses  of  fine  tubules  of  0,0004 — 
^0012, '"and  they  also  occur,  though  not  of  the  saiue  ilze,  yet  of  a  very  similar 
Mrm,  4Q  ekf.  i^orpiu  mammiUart,  likewise  mixed  with  most  nnmerniia,  eicetd- 
Bgly  fine  fibres"  \"  Uuidbucb  der  Gewebelehre,"  1302,  p.  297J. — £itiTon. 
I  £ 
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ing  to  the  usual  rule,  they  can  be  expanded  only  by  such  a 
method,  and  none  other.  Art  does  not  seem  to  be  able  to  imitate 
this  disposition  by  its  attempts  at  injections.  For.  when  either 
spirit  of  wine,  or  a  dyed  liquid  is  forcibly  injected,  it  overwhelms 
and  confuses  the  lower  fistulous  or  medullary  texture  of  the  in- 
fundibulum  which  has  a  spongy  appearance;  aiuoe  there  is  no 
power  co-operating  from  below  which  opens  all  the  pores  for 
the  reception  of  the  injected  liquid.  Unless,  therefore,  art  will 
learn  how  to  emulate  nature,  all  attempts  at  injection  will  be 
fruitless,  because  they  break  the  connexions,  and  disturb  the 
order  of  nature  rather  than  otherwise.  For  in  the  whole  of  the 
brain  an  external  force  is  acting,  which  stretches  apart  its  cav- 
ities, on  which  account  only  such  a  liquid  can  be  injected  aa  is 
homogeneous  or  congenial,  or  as  is  demanded  at  the  other 
extremity.  From  this  it  follows  that  the  infundibulwm  eo-i 
pi^esses  Oie  liquid  tvhidi  is  poui^ed  into  it,  through  thefihr^ 
and  ducts  of  its  tube4iJce  body;  and  that  there  is  a  much  easier 
transit  through  it  than  is  shown  by  the  experiments. 

581/.  Its  spiAtiioua  essence  wnd  lymph  indeed  it  exprtasef 
int'O  tfte  pituitary  glaml  itself,  into  which  a  transit  is  effected 
through  the  process  of  the  infundibulum;  the  medullary  and 
fibrous  substance  of  which,  as  we  are  taught  by  experience, 
ramifies  through  the  interior  texture  of  the  gland.  For  the 
purpose  of  transmitting  such  a  pure  liquid  or  fluid  there  must 
be  channels  other  than  such  as  are  pervious  also  for  groseei 
humours,  like  water,  alcohol  dyed  of  a  saffron  culour,  molten 
wax,  oil,  air,  or  mercury,  and  a  surgical  probe ;  since  the 
spirituous  essence  itself  is  of  the  same  character  as  that  which 
passes  through  the  fibres  of  the  brain,  which  also  do  not  offer 
any  passage  to  a  grosser  humour.  Nor  is  it  possible  that  the 
pores  or  openings  shall  be  more  visible  at  one  extremity,  than 
at  the  other,  if  the  conformity  of  all  the  parts  be  acknowledged. 
The  penetration  of  the  spirituous  essence  into  the  fibres  of  the 
cortex  of  the  brain,  and  the  secretion  of  the  same  in  the 
ventricles  [through  the  fimbriie  of  the  fornix],  as  well  as  in  the 
glands  of  the  body,  no  eye  is  able  ever  to  perceive ;  wherefore 
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be  renJered  more  perceptible  during  its  passage,  just  as  in 
the  present  case.  If  the  spirituous  essence  and  lymph  should 
pass  through  pores  which  would  offer  an  entrance  also  to  the 
grosser  humouis  and  to  dyes — 0,  what  an  earthly  quality,  mixed 
with  faeces,  and  O,  how  gross,  should  we  possess !  And  instead 
of  being  animal,  and  at  the  same  time  rational  beings^  we  should 
becoice  mere  stalks,  through  the  fibres  of  which  such  viscous 
phlegms,  as  are  the  liquids  hitherto  used  in  injections  of  the  in- 
fuDdibulum  would  scarcely  be  able  to  circulate.  If.  however,  we 
shoald  inject  a  kind  of  nervous  juice,  in  this  case  we  would 
scarcely  be  able  to  perceive  how  much  of  its  more  spirituous 
ce  enters  the  gland  itself,  and   how  much   is  projected 

teriorly  around  the  gland  Meanwhile,  it  is  sufficient  for  us 
to  know  that  the  substance  of  the  process  of  the  infuudibulum 
is  medullary,  soft,  spongy,  bibulous,  and  that  it  ramifies  through 
the  gland  itself  The  method,  however,  by  which  the  secretion 
adverted  to  above  is  effected,  we  shall  be  able  to  conceive,  if  we 
fonn  to  ourselves  a  distinct  idea  of  the  qualities  of  this  essence 
whereby  it  is  distinguished  from  grosser  fluids.  The  spirituous 
nee  in  question  is  most  liquid ;  it  is  the  real  white  blood, 

pable  of  expansion  and  compression,  elastic,  divisible  and 
most  light ;  wherefore  it  is  separated  instanter  from  the  grosser 
liquid,  so  soon  indeed  as  an  active  force  is  brought  to  bear  on 
both.  The  case  is  the  same,  as  when  one  and  the  same  force 
acts  upon  a  highly  elastic  corpuscle,  of  an  exceedingly  small 
bulk  and  weight,  and  at  the  same  time  upoa  another  which  is 
heavy,  non-elastic,  and  of  greater  bulk ;  when  the  former  will 
flash  off,  quicker  even  than  a  puff  of  air,  while  the  latter  will 
receive  from  the  same  force  a  slower  determination  of  motion.  If 
therefore,  in  the  present  case  we  apply  the  rules  which  have 
been  observed  in  respect  to  elastic  and  non-elastic  bodies,  and 
in  respect  to  such  as  are  lighter  and  heavier,  and  of  a  smaller 
and  larger  bulk,  so  far,  indeed,  as  their  propulsion,  encounter 
and  impetus  is  coacerned,  we  shall  be  able  to  see  the  mode  of 
xecretiou,  whereby  one  is  separated  from  the  other  by  the  action 
uf  the  same  force.     This  also  is  the  reason  why  the  infundi- 
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bulum  terminates  in  a  beak  or  rostrum,  and  indeed  in  accord- 
ance with  the  ratio  as  to  swiftness  of  the  fluid  which  is  acted 
upon.  If  therefore  the  immense  celerity  of  such  a  fluid  be 
taken  into  consideration,  it  is  capable  of  being  demonstrated, 
how  immense  must  be  the  quantity  which  flashes  across  it 
every  moment ;  and  it  appears  also  how  such  an  exceedingly 
small  process  is  suflBcient  for  all  the  spirituous  liquid,  which  is 
expressed  in  the  ventricles  from  the  fibres  of  the  brain.  Yet 
this  is  simply  mentioned  in  passing,  aud  we  are  not  willing  by 
physiological  considerations  to  disturb  anatomical  investigations. 
581(7.  Atid  Uie  grosaer  seroaity  commingled  vdik  the  lyvij^h 
Becreied  from  the  choroid  plexuses,  tlie  infuTKlUndum  excretes 
around  the  pitwiiary  glaiid.  This  is  completly  borne  out  by 
experience.  For  according  to  Vieussens  the  purer  essence  of  an 
injection  only,  not  the  dye,  that  is,  simply  its  most  subtle 
particles,  make  their  way  upon  the  upper  and  lateral  portions 
of  the  gland,  after  passing  through  the  infundibulum  not 
quickly,  but  gradually.  According  to  Ridley,  coloured  infusions 
penetrate  through  the  infundibulum  only  very  superficially. 
In  order  not  to  leave  any  occasion  for  doubt,  that  a  separation 
of  liquids  takes  place  in  the  infundibulum  in  such  a  manner 
that  the  purer  fluid  enters  the  pituitary  gland,  while  the 
grosser  humour  is  determined  to  its  surface,  both  on  the  sides, 
and  on  the  bottom,  between  the  parietes  and  the  gland  itself,  I 
wish  to  refer  to  M.  Littre,  who  states  that  a  liquid  is  always 
noticed  around  the  gland,  in  which  it  seems  to  be  bathed.  On 
this  subject  I  shall  treat  more  at  large  in  the  chapter  on  the 
pituitary  gland,  for  this  gland  is  so  placed  in  its  sack,  and 
engirded  with  pia  mater  and  at  the  same  time  with  dura  mater, 
that  not  a  single  drop  of  the  humour  passing  down  upon  its 
surface  is  able  to  ooze  out,  except  through  openings  established 
for  this  purpose,  which  terminate  excluaively  in  the  cavernous 
sinuses,  and  in  the  inferior  petrosal  sinuses.  We  therefore  see 
that  these  liquids  ore  separated  in  such  a  manner  that  the  one 
which  is  more  spirituous  penetrates  into  the  interior,  while  the 
romaiudor  which  is  expressed  through   little  pipes  seeks  the 
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surface.  From  this  it  may  be  concluded  with  sufficient  clear- 
,  that  where  the  beak  or  process  of  the  infundibulum  passes 
through  the  pia  mater,  or  where  through  the  intervention  of 
the  pia  mater  it  is  loosely  attached  to  the  dura  mater,  passages 
axe  open  through  which  in  the  same  moment  when  the  beak  is 
expanded  &om  all  sides,  and  when  the  liquid  presses  down 
from  the  upper  part,  the  grosser  serosity  mentioned  above  forces 
its  way.  That  this  takes  place  then  is  also  declared  by 
Vieussens,  where  he  expresses  his  opinion  concerning  this 
secretion,  as  may  be  seen  above.  This  liquid,  however,  cannot 
be  any  other  than  the  grosser  serosity  commingled  with  purer 
lymph  from  the  choroid  plexuses ;  for  composed  iu  that 
manner  it  flows  down  from  thence.  Yet  I  wish  it  to  be  under- 
stood that  it  is  the  serum  which  is  expressed  from  healthy  and 

rong  choroid  plexuses ;  and  not  that  grosser  exurlatiou  which 
a  secreted  from  diseased  organs ;  for  this  does  not  seem  to  be 
able  to  enter  the  pores  of  the  infundibulum,  but  instead  to 
regurgitate  into  the  third  ventricle.  The  discharge  of  this 
infected  serum  is  discussed  above. 

58iyi.  27ic  ittfandibaluTn,  co-nseqxtently,  is  not  only  a 
(hfev^nt^  but  also  a  secretory  vessel,  (chiefly  in  man,  but 
different  in  animals),  aa  is  the  case  with  most  glands  of  the 
b<.>dy,  where  there  are  excretory,  and  at  the  same  time  secretory 
ducts.  For  unless  this  mysterious  fluid  which  is  compounded 
in  the  lateral  ventricles  by  a  mixture  of  liquids^  were  a.gsan  to 
be  resolved  into  its  constituent  parts,  the  blood  could  not  be 
roperly  supplied  with  its  elements;  inasmuch  as  the  choroid 

exuses  do  not  always  pour  forth  one  and  the  same  li<juid,  but 
undergo  changes  according  to  the  particular  states  of  the  brain. 
Unless,  therefore,  their  exudation  were  once  more  separated, 
congruous  things  would  be  incorporated  in  incongruous  ones, 
so  tliat  in  the  composition  of  the  blood  the  fluid  of  one  degree 
would  not  adjoin  itself  suitably  to  the  fluid  of  another  degree. 
It  18  different  with  aniuaals,  whose  brains  are  not  subject  to  so 

*  See  Vol.  I.,  p.  641,  do.  529,  aa  well  u  *'  Editorial  Noto  IIL  so.  37,  in  VoL 
I.,  p.  7fi9^— EDrroa. 
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many  individual  changes.  Thia,  therefore,  is  done  to  the  end^ 
that  the  secreted  liquids  may  enter  dietinctly  into  the  blood. 
This  is  the  reason  why  there  is  no  such  secreting  process  of  the 
liquids  of  the  cerebellum,  which  descend  from  the  fourth 
ventricle  into  the  nerves  of  the  spinal  cord ;  for  the  constant 
regularity  of  the  cerebellum  has  this  effect  that  only  such  a 
serum  is  there  secreted,  an  mixes  most  easily,  and  as  is  perfectly 
homogeneous. 

581i.  It  is  different,  however,  untlt  the  brute  animaJe  whose 
epirits  are  grosser,  and  in  wJtom  there  is  required  a  larger 
amount  of  nuiHtive  juice ;  as  for  instance  in  horses,  in  whom 
the  process  of  the  infundibulum,  according  to  Willis,  equals 
the  size  of  a  goose-quill;  and  in  calves  and  sheep,  in  whom 
according  to  Ridley,  the  injected  liquid  penetrates  as  far  as  the 
gland,  and  regurgitates  thence.  Again,  in  the  dog,  in  which 
the  cavity  of  the  infundibulum  is  continued  for  a  short  distanco 
into  the  pituitary  gland,  and  the  process  rests  upon  it  undivided, 
except  that  in  some  the  productions  of  the  beak-shaped  pia  mater, 
according  to  Vieussens,  appear  in  front  and  behind,  or  only 
behind,  as  is  suspected  by  Ridley ;  while  in  man  this  insertion 
is  effected  without  any  such  production.  All  observations 
confirm  that  in  brute  animals  the  infundibulum  is  a  vessel 
which  carries  the  above  liquid  as  far  as  the  gland  ;  and  that 
in  thii  gland  itself  a  secretion  takes  place ;  yet  as  it  seems  in 
such  a  manner,  that  the  purer  essence  is  received  in  the  interiors 
of  the  gland,  and  that  a  grosser  humour  is  expelled  thence 
towards  the  sides — whether  this  takes  place  around  the  insertion 
of  the  tube,  or  whether  it  is  effected  elsewhere  through  the 
pores  of  the  membrane,  shall  be  explained  in  what  follows. 
Meanwhile,  as  the  animal  spirit,  as  well  as  the  spirituous  juice 
in  animals  is  grosser;  and  as  their  brain  does  not  require  so 
sublime  a  blood  as  does  the  human  brain,  which  has  to  busy 
itself  with  reasons,  as  they  therefore  do  not  require  a  blood 
which  consists  of  elements  of  such  consummate  purity ;  there- 
fore, the  more  imperfect  and  stupid  animals  do  not  require  such 
a  secretion  either  in  the  infundibulum,  or  iu  the  very  threshold 
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which  leads  to  the  gland,  nor  do  they  require  two  ganglionic 
prominences  for  the  government  of  the  orifice,  but  ona  Besides, 
they  require  a  larger  quantity  of  the  fluid,  so  that  in  a  few 
years  or  months  they  may  attain  their  full  growth,  while  it 
takes  man  five  times  as  long  to  accomplish  this — wherefore 
animals  require  an  increase  in  their  allowance  of  food  in  the 
same  proportion.  For  the  same  reason  also  they  not  only  have 
larger  pituitaiy  glands,  but  they  also  receive  almost  the  whole 
of  the  liquid  derived  into  the  ventricles ;  since  no  danger  results 
from  the  &ct  of  this  liquid  not  being  so  distinctly  secreted. 
Moreover,  their  choroid  plexuses  scarcely  distil  any  other  serum, 
than  one  which  easily  assimilates  itself;  without  mentioning 
other  arguments  which  might  be  adduced.  When  all  these  facts 
are  taken  into  due  consideration,  conclusions  may  be  drawn  &om 
the  infundibulum  and  the  pituitary  gland  themselves,  and  from 
their  difference  in  the  various  animals,  as  to  the  physical  and 
physiological  state  of  the  animal  itself,  as  for  instance  as  to  its 
vegetation  and  its  arriving  at  a  state  of  maturity,  and  as  to  the 
quality  of  the  blood  and  the  flesh  nourished  thereby. 


CHAPTER   XIX. 
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582.  The  pituitary  gland  which  is  appended  to  the  infundi- 
bulum  is  hidden  away  in  a  sinus  wrought  into  the  sphenoid 
bone,  and  which  is  called  the  sella  turcica.  The  whole  of  that 
sinus,  as  is  the  case  with  the  remaining  sinuses  of  the  bones  of 
the  cranium,  is  invested  with  a  production  of  the  dura  mater. 
The  gland,  resting  as  it  does  in  this  cavity,  is  a  part  as  it 
were  both  of  the  bottom  of  the  brain,  and  of  the  base  of  the 
cranium.  It  is  also  at  one  end  of  the  [transverse]  axis.  The 
gland  equals  in  size  a  mediinu-sized  bean,  and  in  shape  it  is 
almost  spherical.  The  segment  of  a  smaller  sphere  grows  out 
of  it  like  an  appendage,  and  occupies  the  interiors  of  a  recess 
hollowed  out  from  the  bono  and  adapted  to  its  reception.  That 
portion  of  the  gland  is  attached  to  the  production  and  duplicature 
of  the  dura  mater  both  in  front  and  in  the  rear,  for  this  reason  that 
the  gland  may  be  able  to  sustain  much  weight,  even  as  to  suffer- 
ing itself  to  be  pulled  out  As  to  its  remaining  surface  the  pitui- 
tary gland  is  more  freely  suspended  within  the  walls  of  the 
sella,  yet  so  that  it  almost  fills  up  its  space,  and  may  be  pressed 
into  a  less  space.  Lastly,  in  its  upper  convexity  it  is  joined  to 
the  infundibulum.  The  wall  itself  under  the  integument  of  the 
dura  mater  is  perforated  by  vessels  which  j)as8  through  the 
bony  substance.  The  substance  of  the  body  of  the  gland  seems 
partly  of  a  white,  and  partly  of  a  reddish  colour;  that  of  the 
appendage,  however,  does  not  seem  unlike  the  cortical  substance 
of  the  cerebrum.  Situated  at  one  end  of  its  brain  this  gland 
selects  in  the  sphenoid  bone  a  place  and  sinus,  where  unembar- 
rassed and  in  a  state  of  immunity,  it  may  go  through  the  alter- 
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natc  periods  of  its  motion  ;  although  under  the  auspices  of  the 
whole  brain,  and  of  its  membranes.  The  sphenoid  bone  serves 
to  the  remaining  bones  of  the  cranium  in  the  capacity  of  a 
basis,  fulcrum,  tegument  and  bond  ;  nor  could  the  gland  betake 
itself  into  any  more  secure  little  haven.  For  thither  returns  all 
power,  and  thither  is  determined  the  action  of  the  cerebrum 
and  cerebellum,  and  also  of  the  bones  of  the  cranium.  The 
sella  turcica  also,  where  the  gland  is  situated,  is  fortified  by 
dams  and  barriers,  so  that  in  every  conceivable  way  levers  and 
weights  are  brought  to  bear  upon  it,  yet  the  gland  poises  safely 
in  the  middle,  wherefore  there  arc  nowhere  any  points  stronger 
and  firmer  than  in  the  central  base  of  this  bone.  The  dura 
mater  approaches  the  sella  from  behind,  and  by  ligaments  and 
vessels  which  extend  into  its  flexible  substance  it  conjoins  the 
gland  with  the  bone;  the  pia  inator  also  accedes  and  encom- 
passes the  process  of  the  iufuudibulum. 

683.  Willis.* — "The  pituitar>*  gland  is  situated  within  the 
sella  turcica,  which  is  hollowed  out  in  the  middle  of  the  sphenoid 
bone.  It  is  enclosed  there  as  within  an  ark,  sometimes  more 
closely,  sometimes  more  loosely.  For  in  the  dog,  the  cat,  and 
several  other  animals  it  coheres  with  the  iafuudibulum,  and 
when  this  is  removed,  it  is  pulled  out  with  it;  and  then  its 
mass  is  found  to  consist  of  two  glands,  distinct  from  one  another, 
And  easily  separable  from  one  another.  In  the  calf,  the  sheep, 
the  pig,  and  several  others,  the  gland  is  everywhere  enclosed  by 
the  dura  mater,  except  where  it  admits  the  infundibulum ;  and 
by  this  integument  it  is  closely  contained  within  the  cavity  of 
the  bone.  Besides,  in  these  animals,  its  structure  seems 
single  and  undivided ;  and  in  reality  it  is  composed  of  a  sub* 
stauce  which  is  of  a  twofold  kind.  This  gland  is  found  in  all 
perfect  animals ;  for  man,  all  quadrupeds,  nay  and  even  birds 
and  fishes,  are  furnished  with  it;  whence  we  conclude  that  it 
performs  some  necessary  uses  in  the  brain.  Still,  as  to  bulk, 
ita  proportion  in  the  various  animals  does  not  agree  with  the  size 
of  the  head  and  of  the  body  in  which  it  is ;  since  in  the  sheep  it 

>  "Cerebri  Anatome,"  C»p.  IV.,  XIL,  XIII. 
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is  larger  than  in  man  or  in  the  dog,  and  in  the  horse  its  bulk  is 
smaller  than  in  the  ox.  The  reason  of  this  difference,  however^ 
seems  to  lie  chiefly  in  this,  that  in  some  animals  it  has  respect 
only  to  the  mass  of  the  brain  resting  upon  it,  while  in  others  it 
respects  the  cerebrum  and  the  carotid  arteries  which  are 
ascending  near  it;  so  that  its  size,  according  as  it  has  respect 
only  to  one,  or  to  both  of  these,  is  larger  or  smaller.  For  in 
some  animals  the  carotid  arteries,  upon  being  introduced  inside 
the  cranium, are  at  once  dissolved  into  various retifonn  plexuses* 
and  from  these  plexuses  several  shoots  of  vessels  enter  this 
gland  on  both  sides,  and  interweave  its  substance  (p.  29)  .... 
The  carotid  artery,  in  respect  to  its  situation  or  extension  near 
the  pituitary  gland,  is  not  circumstanced  alike  in  all ;  for  in 
man  it  passes  through  a  bony  cana),  specially  dug  out  for  it,  and 
on  both  sides  it  lies  stretched  out  for  some  distance ;  and  from 
that  trunk  several  shoots  are  sometimes  sent  out  towards  the 
pituitary  gland,  but  not  always  (p.  31)  .  .  .  Besides,  the  fact 
that  this  gland  into  which  the  duct  of  the  infundihulum  is 
inserted,  receives  serous  humours  and  dispatches  them  abroad, 
seems  to  appear  also  from  this  consideration,  that  it  admits 
within  its  pores  not  only  such  humours  as  have  been  brought 
down  from  the  cerebrum,  but  also  such  as  have  been  secreted 
from  the  blood  about  to  ascend  into  the  brain  ;  since  in  most 
quadru  peds  certain  vessels  from  both  carotid  arteries  are 
inserted  into  this  gland,  and  enter  most  intimately  into  its 
substance,  A  proof  of  this  is,  that  when  ink  is  injected  into 
either  of  the  trunks  of  the  artery,  the  rete  mirabile.  provided  it 
is  present,  and  frequently  the  interior  structure  of  this  gland  are 
stained  with  a  black  colour;  whence  we  are  authorised  to  conclude 
that  it  is  the  office  of  this  gland  to  receive  superfluous  serosities. 
These  it  not  only  receives  on  their  return  into  the  body  after 
their  discharge  from  the  brain ;  but  sometimes  it  takes 
poesession  of  them,  and  derives  them  from  the  blood,  before  this 
is  introduced  into  the  brain  ...  In  respect,  however,  to  the 
manner  in  which  the  humours  which  ore  deposited  in  tiiift 
gland,  are  despatched  abroad,  it  is  the  common  opinion  th&t 
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they  are  passed  down  into  the  palate  through  the  foramina  of 
the  bone  underneath.  Wherefore  in  those  animals  which  are 
furnished  with  the  rete  mirabile,  of  which  many  shoota  pass 
into  this  gland,  several  foramina  are  wrought  into  the  bone 
usdenieath.  Further,  if  you  remove  the  fossa  of  the  sphenoid 
bone,  that  is,  the  sella  of  the  gland,  by  tearing  it  away  from  the 
cranium ;  and,  further,  if  by  pulling  off  the  membrane  you 
expose  the  foramina,  and  then  pour  on  water,  this  water  will 
quickly  permeate  the  compages  of  the  whole  bone,  and  will 
trickle  out  suddenly  through  other  foramina  which  are  open  in 
the  sides  of  the  boncj  and  for  the  most  part  are  absent  in  the 
human  cranium.  But  when  they  are  present,  as  in  the  calf,  we 
have  to  take  special  notice  that  the  foramina  are  filled  by 
certain  hollow  vessels;  and  if  a  blackened  liquor  be  injected  by 
a  syringe  or  canule,  it  passes  through  the  compages  of  the  bone, 
and  permeates  most  other  vessels  which  are  below  the  bone, 
entering  finally  into  the  trunk  of  the  jugular  vein  .  .  •  But  as 
to  the  vessels  which  invest  the  foramina  of  the  bone,  and  which 
are  still  more  numerous  under  the  bone,  they  seem  to  be  either 
veins  or  lympheducts.  We  may  hence  infer  that  these  humours, 
as  in  the  case  of  most  other  glands,  are  restored  by  the  pituitary 
gland  to  the  mass  of  the  blood.  In  the  calf,  this  is  a  matter  of 
autopsy,  nor  is  there  any  doubt  in  the  case  of  all  other  animals 
furnished  with  a  rete  mirabile;  for  just  as  arterial  branches  extend 
into  this  gland,  so  also  do  venous  branches.  These  latter  branches 
absorb  not  only  the  humours  which  are  deposited  by  the  arteries, 
but  in  addition  also  those  which  have  descended  from  the  ven- 
tricles of  the  brain.  We  may  thence  conclude  that  even  in  the 
case  of  man,  the  horse,  and  other  animals  not  furnished  with  the 
rele  mirabile,  there  are  present  either  lympheducts,  or  certain 
Teasels  of  a  similar  kind,  like  those  which  exist  in  the  head  of  a 
Cftlfi  which  most  undoubtedly  carry  off  humours  from  this  gland. 
Traces  of  such  vessels  are  not  so  easily  discovered,  because 
before  the  bony  bulwarks  are  broken  through,  the  traces  of 
lympheducts.  in  case  there  are  any,  will  have  disappeared.  Nor 
are  we  able,  by  injections,  to  discover  these  vessels  in  all  casea^ 
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as  we  do  in  the  calf;  because  the  foramina  of  the  bone,  by 
which,  as  through  thread-like  holes,  the  injection  reaches  vessels 
othenvise  hidden  from  view,  are  still  desiderata  [of  science]  in 
most  species  (pp.  78,  79)  ....  As  the  gland  seems  to  fuliil 
two  kinds  of  duties,  it  is  furnished  with  a  substance  of  a  twofold 
nature ;  namely  with  one  which  is  red,  more  loose,  and  inter- 
woven with  sanguineous  vessels,  and  which  forms  both  of  its 
lateral  portions ;  and  another  substance  which  is  whiter,  and 
situated  in  the  middle,  into  which  the  infundibulum  is  inserted  " 
(p.  88).  See  also  his  Plates  V.  and  VIL  in  the  "Cerebri 
Anatome." 

684.  ViEUSSENS.1 — "If  all  those  things  which  are  usually 
observed  on  dissecting  the  pituitary  gland  are  taken  into 
consideration,  we  declare  it  to  be  a  whitish-grey  body,  a  little  soft, 
interwoven  with  blood-vessels,  covered  on  all  sides  with  mem- 
branes, and  hidden  away  within  its  own  sella,  which  is  excavated 
in  the  middle  of  the  sphenoid  bone. ...  If  the  dura  mater  where 
it  covers  the  upper  surface  of  the  sella  turcica,  is  cut  from  the 
front  backwards,  if  it  is  separated  from  the  internal  processes  of 
the  above-mentioned  sphenoid  bone,  and  if  it  is  folded  back  on 
either  side,  until  the  cavities  of  the  cavernous  sinuses  which 
are  situated  near  the  sides  of  the  sella  turcica,  ore  plaiuly 
seen, — there  is  discovered  fii"st  of  all  between  the  anterior 
portion  of  the  gland  and  the  dura  mater  which  is  spread  over 
it,  a  short  duct,  which  opens  into  the  above-named  cavernous 
sinuses.  Hence  it  is  that  by  the  interposition  of  this  duct 
these  sinuses  mutually  intercommunicate.  .  .  .  Lastly,  it  is 
discovered  that  the  pituitary  gland  by  means  of  the  inter- 
mediate dura  mater  adheres  closely  to  the  anterior  and  posterior 
parts  of  the  sella  turcica,  and  is  kept  suspended  iu  it;  so  that 
its  lowest  part  which  is  most  closely  embraced  by  a  thick  and 
dense  production  of  the  dura  mater  dues  not  touch  at  all  the 
bottom  of  the  above-mentioned  sella  turcica.  .  .  .  This  glandular 
body  at  one  time  is  held  more  loosely,  and  at  another  more 
tightly  within  the  membranes  by  which  in  is  covered  and  which 

^  **  NearographU, *'  etc.,  Cap.  IX. 
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the  calf,  the  sheep,  and  most  other  animals  are  much  thicker 
than  in  man ;  for  in  the  case  of  the  dog,  the  eat,  and  certain 
other  animals,  as  Willis  observed,  the  gland  is  torn  out  when 
the  infundibulum  is  removed  ;  and  then  it  is  perceived  that  its 
mass  consists  of  two  glands,  distinct,  and  easil}'  separated  from 
each  other.  In  man.  however,  in  the  calf»  the  sheep,  and  in 
many  other  animals,  if  seized  by  the  part  on  which  the 
infundibuhim  first  bears,  it  is  found  that  it  is  touched  every- 
where immediately  by  the  membrane  whereby  it  is  invested. 
In  animals  where  there  is  a  rete  mirabile,  and  in  those 
where  there  are  no  sinuses  in  the  bone  under  the  sella  turcica, 
the  infundibuhim  is  larger  than  in  man,  in  whom  there 
is  no  rete  mirabile,  or  at  least  a  very  small  one,  and  in 
whom  two  ample  sinuses,  separated  by  a  thin  intermediate 
bone  are  found  hollowed  out  within  the  sphenoid  bone 
under  the  sella  turcica.  .  ,  .  The  reason,  however,  of  this 
difiference  is  chiefly  this,  that  in  certain  animals  this 
glandular  body  is  irrigated  by  several  shoots  of  arteries,  and 
conscfiuently  secretes  a  larger  quantity  of  aqueous  humour 
from  the  arterious  blood,  than  in  others.  Willis  says  that  the 
pituitary  gland  occurs  in  all  perfect  animals;  and  sometimes, 
ho  says,  it  is  not  irrigated  by  any  arteries.  Yet,  although  I  am 
not  prepared  to  deny,  that  this  sometimes  may  be  the  case, 
since  we  know  that  nature  often  loves  to  sport,  still  I  neverthe- 
less assert  that  in  man  I  have  always  found  it  furnished  with 
arteries,  as  well  as  with  veins;  and  if  sometimes  it  does  not 
appear  interwoven  with  vessels,  I  maintain  that  this  is  un- 
natural. This  gland  consequently  receives  arteries  from  the 
carotids,  while  they  are  hidden  away  within  the  craniuni 
under  the  dura  mater ;  and  veins  emerge  from  it  which  termin- 
ate in  the  anterior  portion  of  the  lateral  sinuses,  and  which  open 
into  their  cavities.  And  if  any  one  contests  the  fact  that  this 
gland  is  furnished  with  blood-vessels,  he  may  discover  its  truth 
by  an  experiment ;  namely,  by  introducing  a  blackened  liquor 
into  either  of  the  carotid  trunks;  for  then  he  will  perceive  the 
interiors  and  exteriors  of  this  gland,  stained  very  much  by  the 
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black  colour.  When  I  took  the  gland  out  of  its  proper  place,  I 
observed  very  often  that  it  was  loosely  connected  with  the  mem- 
brane with  which  the  middle  of  the  sella  turcica  is  lined, 
through  the  intervention  sometimes  of  two,  and  sometimes  of 
three  membranous  processes  which  looked  very  much  like 
slender  vessels.  If,  after  the  exterior  and  interior  parts  of  the 
pituitary  gland  have  been  carefully  inspected,  the  sella  turcica  is 
denuded  of  the  dura  mater  with  which  it  is  covered,  small  fora- 
mina are  always  observed,  some  in  the  middle  of  its  basis,  and 
many  around  its  posterior  parts,  as  well  as  behind  it,  and  also  a 
little  below  its  lateral  parts.  Some  of  these  foramina  are  entered 
by  little  arteries  which  convey  the  blood  down  into  the  interiors 
of  the  sphenoid  bone,  and  through  other  foramina  little  veins  pass* 
which  carry  the  residuum  of  the  same  blood  either  bock  into  the 
two  cavernous  sinuses  which  are  situated  near  the  sides  of  the 
above-mentioned  sella  turcica,  or  into  the  two  lower  sinuses  [of 
the  sphenoid  bone]  which  are  adjacent.  .  .  .  The  foramina 
which  we  have  just  described,  and  which  are  larger  and  more 
numerous  in  animals  which  have  a  rete  mirabile,  than  in  those 
where  it  is  either  very  small,  or  wanting  altogether,  are  mostly 
obliterated  when  the  skull  is  dried ;  which,  no  doubt,  is  the 
reason  why  the  skilful  Lower  declared  that  they  are  never 
found  in  the  human  soul.  Between  the  anterior  part  of  the 
pituitary  gland,  and  the  dura  mater  which  is  spread  over  it,  we 
said  a  short  duct  is  found,  which  admits  some  portion  of  the 
aqueous  or  lymphatic  humour  which  showers  down  from  the 
cerebrum  through  the  infundibulum.  This  humour  it  dis- 
charges into  the  two  cavernous  sinuses  which  are  along  the 
sides  of  the  sella  turcica'*  (p.p.  51-53). 

585.  Ridley.^ — "The  pituitary  gland  is  seated  in,  and  fills 
np  in  a  manner,  all  that  space  contained  within  the  sella 
turcica,  vessels  only  excepted.  It  is  covered  on  all  sides  with 
pia  mater  and  dura  mater,  except  that  part  on  its  upper  surface, 
in  which  there  is  a  little  round  foramen,  by  which  the  iufundi- 
bulum  descends  obliquely  into  it  This  foramen  at  its  entrance 
*  •*  AuAtomj  of  the  Brain,"  Chap.  IX. 
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b  surrounded  by  a  production  of  the  pia  mater,  for  its  firmer 
coxmection  with  the  iofundibulum.  But  as  regards  the  dura 
mater,  that  membrane  encompasses  the  gland  afler  a  far 
different  manner  than  has  been  described  by  Vieussens,  in  his 
failing  to  suspend  it  iu  man  as  he  docs  it  in  animals,  so  as  to 
prevent  its  touching  the  bottom  of  the  sella.  For  in  animals 
the  rete  mirabile  is  not  only  situated  on  each  side  of  this  gland, 
but  it  runs  quite  under  ita  posterior  part,  whereby  one  side  of 
the  rete  communicates  with  the  other,  with  which  disposition 
of  this  part  Vieussens  was  altogether  unacquainted  j  whereas 
in  man,  because  there  is  not  that  kind  of  structure  in  the 
one,  that  is,  in  the  rete^  it  is  not  necessary  it  should  be  required 
in  the  other,  that  is,  in  the  gland.  However,  neither  in  the 
one  nor  in  the  other  Is  Vieussens'  reason  which  he  gives  for 
nature's  contrivance  of  this  matter,  of  any  weight ;  seeing  that 
neither  the  rete  mirabile,  much  less  the  few  small  veins  belong- 
ing to  the  bone  beneath,  could  possibly  in  any  way  be  com* 
pressed  by  this  gland,  though  superincumbent;  because  it  is  so 
firmly  knit  to  the  dura  mater,  which  lies  above  and  is  supported 
by  the  two  anterior  and  posterior  processes  of  the'sella  turcica, 
in  such  a  manner  indeed  as  is  sufficient  to  sustain  and  keep 
from  pressing  upon  any  subjacent  part  ten  times  a  greater 
weight  than  that  of  the  pituitary  gland.  Moreover,  the  dura 
mater  is  so  far  from  suspending  the  gland  from  the  sella  turcica, 
that  that  mombrane,  together  with  the  gland,  is  fijced  to  that 
very  bone  itselL  The  substance  of  this  gland  is  very  different 
from  that  of  all  the  rest.  In  respect  to  its  consistence  it  is 
indeed  similar  to  most  glands  of  the  conglobate  kind  unless  it 
is  somewhat  harder ;  but  on  being  pressed  or  squeezed  it  emits 
much  more  water  that  any  of  the  other  glands.  As  regards 
the  conglomerate  kind  of  glands  it  does  not  bear  the  lea^ 
resemblance  to  any  of  them,  (pp.  71-73).  .  .  .  When  the 
greatest  force  is  applied  in  compressing  and  squeezing  it 
between  the  fingers,  it  is  found  impossible  to  force  out  the  least 
appearance  of  humidity  through  its  enclosure  or  integuments 
(p.  75).  ...     I  am  not  bo  fond  of  guessing  as  to  say  that  the 
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pituitary  gland  has  any  ducts,  and  consequently  all  I  can  say 
is,  that  I  look  upon  the  infundibultam  as  no  more  than  a  large 
lympheduct  variously  ramified  through  the  pituitary  gland, 
which  discharges  its  liquor  through  those  many  small  branches 
into  the  veins  dispersed  through  that  part,  to  be  taken  back  to 
the  blood  again,  as  this  is  done  in  all  other  secretory  glands. 
And  that  which  seems  most  to  favour  this  conjecture,  is  the 
extraordinary  humidity  of  this  gland,  especially  in  animals, 
above  the  rest  of  the  glands  in  the  whole  body ;  [as  serving  not 
only  to  export  the  lymph  separated  from  several  arteries  which 
are  dispersed  through  it ;  but  that  also  with  which  it  is  charged 
from  the  brain  itself].  And  to  this  twofold  manner  or  double 
office  of  secretion  is  owing  the  fact  of  its  apparently  consisting 
of  two  distinct  substances;  the  one  being  accommodated  to 
that  part  of  the  lymph  which  comes  from  the  brain,  and  which 
therefore  is  whitish ;  and  the  other  to  that  separated  imme- 
diately out  of  the  blood,  and  is  therefore  reddish  "  (pp.  80-81). 

586a.  WiNSLOW.i — "The  pituitary  gland  is  a  small  spongy 
body  lodged  in  the  sella  turcica  between  the  folds  of  the  dura 
mater.  It  is  of  a  peculiar  kiud  of  substance  which  is  neither 
medullary  nor  glandular.  On  the  outside  it  is  partly  greyish, 
and  partly  reddish,  and  white  within.  It  is  transversely  oval  or 
oblong,  and  on  the  lower  part  in  some  subjects  it  is  divided  by 
a  small  notch  into  two  lobes,  like  a  kidney-bean.  It  is  covered 
with  pia  mater  as  by  a  bag,  the  opening  of  which  is  the 
extremity  of  the  infundibulum,  and  it  is  surrounded  by  small 
circular  sinuses  which  communicate  with  the  cavernous  sinuses  " 
(Sect  X..  no.  91). 

5806,  Heister.* — *'The  pituitary  gland  is  a  small  gland 
situated  in  the  sella  turcica,  within  the  duplicature  of  the  dura 
mater,  in  which  there  is  some  cavity  ;  it  is  engirded  with  dura 
mater  and  lield  suspended ;  and  likewise  by  a  thin  membrane, 
like  pia  mater;  both  of  which  are  penetrated  by  the  infuudi-* 
bulum.    Its  size  and  shape  are  nearly  those  of  a  commoo 

*  "AnAtonik'iil  Exposition."  Section  X. 
s  "Compeudium  Aiiatoniiciuii."    Aiust«rdam,  174S< 
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kidney-bean ;  but  it  has  an  appendage  in  its  posterior  part  It 
is  usually  larger  in  quadrupeds  than  in  man.  Its  substance  is 
glandular ;  its  colour,  a  pale  whitish  red ;  it  is  usually 
considerably  hard  and  6rm,  but  soinowhat  softer,  and  of  a 
greyish  colour  in  the  appendage.  It  has  arteries  from  the 
carotids ;  its  veins  run  to  the  neighbouring  sinuses.  Its  nerves 
are  from  the  fifth  pair.  Its  excretory  duct  is  perhaps  the 
infundibulum  ;  for  there  does  not  appear  to  be  any  other  The 
use  generally  attributed  to  this  gland  is  that  of  absorbing  the 
pituita  of  the  ventricles,  and  atiterwards  discharging  it  But 
there  does  not  seem  a  sufficient  foundation  for  this  supposition  ; 
since  the  proper  office  of  a  gland  is  to  secrete  a  fluid,  not  to 
receive  onu  already  secreted,  and  because  a  simple  canal  would 
have  answered  sufficiently  to  such  a  purpose,  and  the  apparatus 
of  a  gland  would  have  been  therefore  unnecessary;  and,  lastly, 
because  its  substance  is  so  hard  and  firm,  as  to  render  it  very 
improper  fur  such  a  use  "  (Part  I.,  no.  273,  p.  1-39). 

587.  LlTTRE.! — **  The  pituitary  gland  is  placed  in  the  cranium 
itself,  being  insculptured  so  to  say  in  its  base  which  is  commonly 
called  the  sella  turcica.  Wlieii  the  dura  mater  reaches  the 
edges  of  this  cavity,  it  is  divided  into  two  laminie,  one  of  which, 
the  lower  one,  invests  the  bottom  of  the  cavity,  and  within  its 
own  thickness,  along  the  middle  of  that  cavity,  it  forms  a  little 
fossa  in  which  there  is  a  sinus  five  lines  long,  and  one  line 
broad,  the  sides  of  which  are  perforated  by  several  holes,  through 
some  of  which  it  communicates  with  another  sinus  which  is 
situated  near  the  clinoid  proce&s.  The  upper  lamina  of  the 
dura  mater,  however,  covers  altogether  the  cavity  of  the  sella 
turcucA,  except  its  middle  portion,  where  it  is  penetrated  by  a 
round  hole  about  a  line  in  diameter.  This  lamina  in  the  edges 
of  the  sella  is  thick,  opaque  and  a  little  elevated,  and  stronglj 
nttaclied  to  the  clinoid  processes ;  in  the  whole  of  its  remaining 


'  Hintoire  AcAilcmis?  Regiie,  1707:  Mi;moire"(lD  gUoduIa  pituitaria,  stnu 
circuUri  cnm  diiibvuiite,  cujna  a&nguis  cam  tuUuit."  It  is  also  priiitcti  in 
Miuigot'a  Tliestrum  AiiAtomicuni,  Vol.  Ui|  pp.  307*  308,  whcaoc  our  author 
to  liAve  extracted  it. 
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area,  however,  it  is  found  thin,  transparent,  and.  aa  it  were, 
agglutinated  to  the  upper  part  of  the  pituitary  gland.  In  the 
thickness  of  this  upper  lamina  there  is  noticed  besides  a  little 
sinus  of  an  oval  shape  which  engirds  the  whole  gland.  By  the 
upper  or  superior  lamina  of  the  dura  mater,  however,  which  has 
just  been  mentioned,  and  to  which  the  pituitary  gland  is  agglu- 
tinated, this  gland  is  so  suspended  in  the  sella  turcica  that  it  does 
not  touch  its  bottom  at  all,  and  that  a  thin  probe  may  easily  be 
passed  between  it  and  the  lamina  covering  the  bottom  from 
one  side  to  the  other;  nevertheless,  it  coheres  with  the  bottom 
and  the  sides  by  arterial  and  nervous  filaments,  the  intervals 
between  which  are  so  filled  up  with  a  thin  and  palish  blood, 
that  the  body  of  the  gland  is  found  bathed  in  that  liquid. 
From  one  side  to  the  other,  or  from  right  to  lefb,  this  gland  has 
an  extent  of  six  to  seven  lines;  fn»m  front  to  rear  it  fills 
with  its  body  four  lines,  and  from  the  top  to  the  bottom  two 
lines.  It  is  invested  with  a  very  thin  membrane  of  its  own, 
but  of  a  closer  texture,  in  the  upper  surface  of  which  there  is 
found  a  little  foramen  which  is  immediately  below  the  above- 
mentioned  foramen  of  the  superincumbent  dura  mater.  This 
same  gland  is  provided  with  some  fleshy  fibres  and  innumerable 
little  branches  of  nerves,  arteries  and  veins.  These  nerves 
belong  to  the  sixth  pair,  and  to  the  anterior  branch  of  the  fifth 
pmr;  the  arteries  are  derived  from  the  internal  carotid.^,  and 
indeed  from  the  rcte  mirabile  of  Galen;  the  veins,  however, 
pass  into  the  oval  and  into  the  transverse  sinuses  which  have 
been  pointed  out  above  The  gland  is  composed  of  two  parts, 
the  substance  of  each  of  which  is  widely  diilercnt  from  that  of 
the  other;  for  one  part  is  of  a  ciueritious  colour,  bat  the  other 
appears  much  more  ruddy.  The  cineritious  pait  of  the  gland 
cunstitutes  about  one-third  of  its  mass;  it.  is  soft,  convex,  and 
composed  of  many  little  vesicles  filled  with  a  white  lii]oid ;  it  is 
situated  behind  in  a  little  fossa  formed  there  by  the  membrane 
which  invests  the  bone ;  to  this  it  is  firmly  attached,  and  by  its 
insinuation  it  is  not  a  Httle  separated  from  the  other  ruddier 
That  other  ruddier  najt  throughuut  the   whole  of  its 


part 


paj 


JTS  STRUCTURE. 


83 


^.  wb 


Upper  portion  is  a  little  compressed ;  but  over  the  whole 
remaining  surface  it  is  convex.  Its  texture  ia  more  compact, 
and  it  is  strewed  over  by  smaller  vesicles  than  are  observed  in 
the  cineritious  part,  and  in  these  there  is  collected  a  humour 
which  is  much  whiter  and  more  attenuated.  Between  the  two 
rtions  of  the  gland,  where  they  are  united,  there  is  found  a 
nunon  cavity  about  a  Hue  and  a  half  in  diameter,  in  which  a 
umber  of  little  foramina  are  observed,  the  largest  and  most 
conspicuous  of  which  l>elongs  to  the  cineritious  portion."  From 
the  structure  of  the  gland,  and  by  some  experiments  which  he 
instituted,  the  author  of  this  most  exact  description  concludes 
that  the  pituitary  gland  secretes  a  certain  very  subtle  and 
volatile  juice  from  the  arteries  of  the  rete  mirabije  or  from  the 
branches  of  the  carotids  with  which  it  is  supplied,  by  which 
the  sluggish  moisture  brought  down  into  it  from  the  ventricles 
of  the  ccTcbruiu  through  the  infundibulum  is  diluted,  and  that 
thence  through  the  jugular  veins  into  which  this  juice  is  con- 
veyed out  of  the  lower  sinuses,  whither  it  has  arrived  from  the 
^^^ella  turcica,  the  heart  itself  may  be  rendered  more  fit  to 
^^pontLnue  its  motions.  But  the  fact  that  the  humour  which 
I  descends  out  of  the  ventricles  of  the  cerebrum  is  duly  carried 
I  from  the  infundibulum  into  the  body  of  the  gland,  the  author 
^hoonnders  thoroughly  dcmoustratotl  by  this  fact,  that  when 
^^spirit  of  wine  is  sent  from  the  ventricles  into  the  infundibulum, 
the  cineritious  part  of  the  gland  is  forthwith  distended  thereby. 
588.  BlANCHl.* — "After  the  dura  mater  at  the  base  of  the 
cerebrum  has  invested  closely  and  immediately  the  whole  of 
the  sella  turcica  and  its  sides,  at  a  certain  distance  from 
these  sides,  or  Irom  the  lowest  part  of  the  sphenoid  bone 
which  is  about  five  or  six  lines  remote  from  the  top  of  the 
sella,  it  dispatches  on  both  sides  a  new  production  towards 
the  summit  of  the  sella,  and  carries  it  obliquely  down  to 
the  same  sella  and  the  pituiury  gland  which  is  seated  upon  it, 
covering  both  loosely.     At  the  same  time  another  production 

*  Demonatratio  AnAtnmicft  F.  M.  Xigrbntio  coiucripta,  1715.     Id  Mugot'a 
TI»«fttrum  Aaatomicam,  Vgl,  II,  pp.  ;W2-349. 
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of  the  same  dura  mater  ascending  from  the  region  of  the 
sphenoid  boue  back  of  the  sella,  and  about  a  line  removed  from 
the  base  of  the  posterior  part  of  the  sella,  and  indeed  rising 
above  the  sella  and  the  pituitary  gland  reposing  in  it, — is 
conjoined  with  the  two  above-mentioned  productions.  Being 
thus  joined  above  the  afore-mentioned  gland,  and  coming  up 
from  both  sides,  and  in  addition  from  behind,  these  productions 
of  the  dura  mater  form  a  species  of  bag  or  sack,  in  which  the 
entire  sella  with  its  four  processes,  and  the  whole  pituitary 
gland  are  embraced  in  all  freedom  and  hidden  away ;  and  on 
account  of  the  considerable  distance  of  the  origin  of  the  lateral 
processes  from  the  sides  of  the  sella,  there  is  a  certain  large 
lateral  cavity — the  cavernous  sinus — left  on  either  side  be- 
tween these  productions  and  the  sella.  On  account  of  the 
lesser  distance  of  the  origin  of  the  posterior  production  from 
the  back  of  the  sella,  there  is  also  left  posteriorly  a  smaller 
cavity  between  the  sella  and  that  posterior  production ;  and 
from  the  meeting  of  these  three  productions  almost  at  right 
angles,  and  no  less  from  the  general  square  shape  of  the  whole 
body  of  the  sella,  their  entire  communication  and  their  extensiou 
laterally  and  behind  is  well  represented  by  an  inverted  Greek 
capital  n.  For  the  lateral  cavities  [cavernous  sinuses]  have  no 
communication  between  them  in  the  anterior  portion  of  the 
sella.  .  .  .  Above  the  anterior  processes  of  the  sella  turcica  the 
dura  mater  is  not  doubled,  but  simple  ;  in  fact,  if  this  mem- 
brane is  only  very  lightly  abrased,  the  cavity  or  the  open  mouth 
underneath  is  at  once  laid  bare ;  ...  on  which  account  also 
there  is  no  communication  here  between  the  lateral  ports  of 
the  sella.  At  the  back  of  the  gland,  however,  uo  space  is 
found  between  the  dura  and  pia  maters,  even  as  there  is  no  pia 
mater  there.  Nor  indeed  is  there  laterally  near  the  sella  any 
interval  left  between  it  and  the  gland ;  since  between  the 
carotid  and  the  gland  there  is  absolutely  no  space  left  at 
all  .  .  .  Finally,  where  the  dura  mater  at  the  sides  of  the 
pituitary  gland  covers  the  cavernous  sinuses,  it  is  most  thin, 
and  just  as  little,  as  near  the  anterior  part  of  the  sella,  is  it  »l  uU 
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doubled  here,  and  when  it  is  only  very  slightly  cut,  it  at  once 
opens  an  access  to  the  cavernous  sinuses  (pp.  343,  344).  ...  1 
shall  explain  in  my  dissertation  the  use  of  the  celebrated 
pituitary  gland  which  reposes  immediately  on  the  sella  turcica, 
and  occupies  the  whole  of  it;  further,  its  spongy  composition 
which  is  loose  and  most  delicate,  and  therefore  at  the  slightest 
pressure  of  the  fingers  affords  on  all  points  of  its  surface, 
almost  as  from  so  many  excretory  mouths,  an  easy  issue 
to  the  liquids  contained  within  it;  again,  the  simplicity  of 
its  substance  which  is  not  organized  of  a  white  and  reddish 
portion,  as  Ridley  will  have  it,  for  the  purpose  of  distilling  a 
twofold  secretion;  in  addition,  its  intercourse  with  the  ventricles 
of  the  cerebrum,  and  the  bag-like  lateral  cavities — cavernous 
sinuses ; — further,  the  manner  in  which  it  receives  fluids  from 
the  same  ventricles  of  the  cerebrum,  and  emits  them  into  the 
cavernous  sinuses;  and  especially  the  use  of  the  adjacent 
carotid  which  has  respect  to  the  pressure  of  the  sides  of  the 
gland  by  its  constant  pulsations.  The  fact  that  this  gland,  in 
the  middle  of  the  bag  or  sack  and  also  in  front,  is  firmly  and 
immediately  attached  to  these  portions  of  the  lateral  produc- 
tions of  the  dura  mater  which  are  conjoined  as  for  a  support, 
with  the  anterior  face  of  the  sella,  causes  the  afore-mentioned 
cavernous  sinuses  not  only  to  be  disjoined  from  one  another 
by  the  inter|Kisition  of  the  gland  itself,  but  it  has  also 
this  effect  that  these  sinuses  have  no  intercourse  with  one 
another  in  the  top  of  the  sack,  and  in  addition,  none,  or  at 
leAst  only  a  very  obscure  one,  near  the  anterior  portion  of  the 
bag,  or  between  the  pituitary  gland  and  the  anterior  face  of  the 
sella ;  although  in  the  posterior  parts  of  the  sella  they  enjoy 
a  twofold  intercourse  with  one  another,  namely,  ^r^^/,  between 
the  gland  and  the  anterior  face  of  the  back  of  the  sella,  or  of 
the  clinoid  processes,  since  at  this  point  the  gland  is  not  imme- 
diately connected  with  its  osseous  receptacle;  and  secondly, 
between  the  posterior  face  of  the  posterior  clinoid  processes  of 
the  &ella  and  the  production  of  the  dura  mater;  and  indeed, 
fur  this  purpose,  that  in  the  posterior  parts  of  the  sella  the 
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cavernous  sinuses  may  communicate  to  one  another  the  humours 
which  they  receive  from  the  gland  and  the  hlood-vessels,  and 
that  they  may  gather  them  together  reciprocally  not  only 
between  the  gland  and  the  sella,  but  also  between  the  hinder 
part  of  the  sella  and  the  production  of  the  dura  mater 
(p.  346,  L).  ...  In  the  hinder  part  of  the  sella  turcica  there- 
is  a  certain  double,  osseous  eminence,  with  a  certain  con- 
cavity between  them  which  is  produced  towards  the  middle 
and  upper  part  of  sphenoid  bone,  nut  unlike  the  sella  turcica 
itself.  This  eminence  is  moreover  situatod  in  the  centre  of  the 
sack,  and  it  lies  under  the  pituitary  gland,  and  indeed  under 
its  middle  and  principal  concave  portion.  The  sella  turcica, 
besides,  is  not  only  constituted  by  the  posterior  and  middle 
portion  just  mentioned,  but  also  by  the  other  anterior  portion. 
The  anterior  and  posterior  parts  of  this  sella  are  square,  where- 
fore the  anatomists  call  the  apices  on  the  pointed  extremities 
of  both  parts  the  cliuoid  processes;  .  .  .  nor  are  the  anterior 
and  posterior  partii  of  this  sella  only  square,  but  the  whole  sella 
rising  up  from  both  parts  and  from  the  middle  forms  a  square, 
body.  Hence  the  cavities  of  the  sack  which  are  free  from  the* 
parts  here  mentioned,  and  which  surround  laterally  and 
posteriorly  the  same  sella,  with  the  pituitary  gland  resting 
within,  likewise  preserve  the  same  square  form  (p.  34G,  m).  .  •  • 
The  anterior  part  of  the  sella  is  not  raised  so  high  above  the 
base,  OS  the  posterior  |>art ;  therefore  also  its  pointed  extrcmitii 
are  not  so  high  as  the  extremities  of  the  other  part,  which  will 
be  treated  of  presently  (p.  34-6,  n).  .  .  The  posterior  clinotd 
processes  are  fonned  of  two  distinct  bones ;  namely,  below  they 
are  formed  of  a  more  solid  bone,  on  which  is  placed  a  more 
tender  and  more  spongy  epiphysis  ;  both  also  are  tied  together 
and  are  covered  by  strong  ligamentous  membranes.  The 
epiphysis  again  is  easily  separaieti  into  distinct  parts ;  nay 
sometimes  even  into  three  (p.  347,  r.  r).  .  .  The  heads,  that  is, 
the  epiphyses  of  the  posterior  clinoid  processes,  are  elongated 
laterally,  and  in  addition  are  a  little  inflected  below.  They 
emit  thence  obliquely  downwards  a  certain  robust,  ligamentouji 
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production,  which  descending  on  both  sides  to  the  margin  of 
the  petrous  process,  and  being  connected  with  it,  leaves  on  that 
account  uudemcath  itself  a  considerable  intercalary  space, 
between  the  body  of  the  above-mentioned  clinoid  process  and 
the  apex  of  the  petrous  process,  and  which  communicates 
immediately  with  the  cavernous  sinuses.  Through  this  space 
the  sixth  pair  of  nerves  comes  into  these  sinuses,  and  the 
shorter  and  larger  basilar  siuus  [the  inferior  petrosal  sinus] 
departs  from  those  sinuses  towards  the  internal  jugular  veins 
(p.  347,8.  fl.)-  •  •  The  smaller  and  longer  sinus  [the  superior 
petrosal  sinus]  derives  its  immediate  origin  on  both  sides  from 
the  cavenious  sinuses,  almost  under  the  angle,  which  arises 
from  the  meeting  of  the  productions  of  the  dura  mater ;  where- 
fore in  respect  to  its  origin  it  may  be  called  the  sinus  of  the 
posterior  angle  of  the  sack  (p.  347,  8,  8).  .  .  .  The  larger  and 
shorter  sinus  [the  inferior  petrosal  sinus]  derives  also  its  imme- 
diate beginning  uu  both  sides  from  the  cavernous  sinuses, 
exactly  under  the  crura  of  the  posterior  clinoid  processes  of  the 
Bella  turcica:  it  may  be  called  the  sinus  of  the  crura  of  the 
sella"  (p.  347,  D.  D).  Consult,  however,  by  all  means  his  plate 
in  Manget's  Theatrum  Anatomicum  [Vol  L,  p.  342,  Tabula  V. 

589.  MOUGAGN].^ — "In  stating  those  points  which  he  intends 
to  explain  in  connection  with  the  pituitary  gland,  Bianchi  says, 
that  *at  the  slightest  pressure  of  the  Angers  it  affords  on  all 
points  of  its  surface,  almost  as  from  so  many  excretory  mouths, 
an  easy  issue  to  the  liquids  contained  within  it/  To  this  I 
have  to  observe  that  I  have  never  yet  succeeded,  unless  per- 
chance the  covering  of  the  gland  was  injured,  to  witness  this ; 
even  when  I  increased  the  pressure  of  the  fingers  to  such  a 
fKiint.  that  at  last  a  portion  of  its  very  substance  ouzed  out 
through  the  stem  of  the  aunexed  infuodibulum  in  the  form  of 
a  white  liquid.  I  am  aware  that  Yieusseus  already  declared 
that  the  humour  of  this  gland  *  passed  through  the  very  loose 
membrane  with  which  it  is  covered,  and  descended  into  the 

*  **Jl(lverMi-m  VI."    Ltigilunl  BatAvomm.  ITIO. 
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two  receptacles  placed  near  the  sella  twrcica;'  still  this  ia  opposed 
by  other  distinguished  men,  such  as  Brunner,  Littre,  Ridley ; 
the  latter  opposing  this  idea  at  great  length,  and  distinctly 
asserting  the  same  thing,  which  I  do  here  .  .  .  Moreover  I 
have  clearly  seen  that  this  gland  consists  of  two  substances ;  for 
its  posterior  part,  and  its  appendage  so  to  say,  which  is  an 
excresence  as  it  were  of  the  gland  itself  in  the  form  of  a 
segment  of  a  lesser  sphere,  and  which  is  not  forgotten  in 
Vicusscns'  Plate  IV.  This  part  I  say  is  in  reality  cineritious  and 
softer ;  while  the  rest  was  found  to  consist  of  a  harder  substance 
either  entirely,  or  in  part  whiter,  or  else  of  a  reddish  white 
colour  (Animadv.  xxv.  pp.  31,  32)  .  .  .  Again  Bianchi  says, '  the 
pituitary  gland  is  embraced  in  all  freedom  in  a  kind  of  sack 
of  the  dura  mater;*  and  further,  as  stated  by  others,  he  also 
aclcnowlodges  '  the  immediate  and  close  connection  of  the  gland 
with  the  vault  or  superior  part  of  the  same  sack.'  A  little 
before,  however,  he  states  that  this  gland  '  reposes  immediately 
on  the  sella  turcica  and  fills  it  up  entirely;'  and  presently 
again  he  declares  what  others,  and  among  them  Littre,  have 
taught,  namely,  that  between  the  gland  and  the  sella  some 
interval  was  left  by  which  there  is  a  communication  with  the 
receptacles.  I  wonder,  however,  at  the  language  in  which 
Bianchi  does  this;  for  he  says,  'between  the  gland  and  the 
anterior  face  of  the  posterior  clinoid  processes,  the  gland  is  not 
imnnediately  connected  with  its  osseous  receptacle.'  I  am, 
indeed,  more  and  more  inclined  to  believe  that  he  has  not 
observed  that  part  of  the  gland  which  I  have  jiist  above  called 
its  appendage.  For  if  he  had  known  the  double  substance  of 
the  gland,  he  would  have  seen  the  close  connection  of  the  appen- 
dage (which  has  also  been  pointed  out  by  Littre)  with  the 
anterior  face  of  the  posterior  wall  of  the  sella;  thn  result  of 
which  cohesion  is,  that  although  between  the  j)ORterior  base  of  the 
gland«  and  the  lowest  part  of  the  sella,  and  between  the  part  of 
the  wall  mentioned  above,  there  is  some  space  left  by  which  the 
receptacles  communicate  with  one  another,  still  that  communi- 
cation does  not  by  any  means  take  place  there,  where  you 
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^nd  a  little  from  that  lowest  part  to  the  back  of  the  sella ; 
for  so  far  from  the  gland  '  at  that  place  not  being  immediately 
connected  with  its  osseous  receptacle,'  its  convex  appendage — 
the  posterior  lobe — reaches  into  the  concave  surface  of  that 
receptacle,  in  the  middle  of  which  for  this  very  purpose,  there 
is  abo  not  unfrequently  a  kind  of  semi-spherical  excavation, 
corresponding  altogether  to  the  posterior  lobe,  and  receiving  the 
same.  If  we  state  that  this  appendage  consists  of  a  softer 
substance,  it  will  not  be  difficult  to  form  a  conjecture  why  it  is 
placed  by  nature  in  this  kind  of  an  excavation,  or  at  least  in 
this  concavity  in  the  posterior  wall  of  the  sella,  especially  since 
the  learned  Brunner  writes  that  this  part  of  the  gland,  especially 
on  account  of  its  being  softer,  *is  concealed  under  the  posterior 
part  of  the  sella  which  is  sinuous,  and  indeed  for  this  purpose, 
leat  it  might  be  compressed  by  the  superincumbent  mass  of  the 
brain,  and  that  it  may  not  be  urged  into  any  other  direction,  or 
be  injured  "  (Animadvcrsio  xxvi.  pp.  32,  33).  In  his  Plate  L 
fig.  4,  in  Part  VL  of  his  "Adversaria,"  Morgagnl  exhibits  the 
posterior  part  of  the  sella  turcica  seen  from  the  front,  together 
with  the  pituitary  gland  which  is  torn  out  thence,  both  being 
enlarged ;  the  figure  of  the  appendage,  and  its  situation  in  the 
concavity  of  the  sella  turcica  are  there  very  vividly  represented. 
Consult  also  Eustachius '  Plate  XX.,  figures  14  and  16  ;  and  read 
the  dissertations  of  Littre  [see  above],  and  Brunner.' 

'  The  title  of  Brnnner'a  diMcrtation  is  as  follows :  De  Qlandula  Piiuitaria. 
J>Utertatio,  Heidelberg  l6vSS,  4to.  H&ller  in  bis  Bibliotheca  Auatomica  gives 
Um  follow] Dg  abstract  of  it.  "He  rigbtly  describes  it  as  double;  its  froDt 
pftrt  as  more  ruddy ;  its  buck  part  as  white  and  softer.  Ho  says  that  its 
postenur  psi-t  is  iiitUtifd  by  tlie  iDfuudibuIum  ;  that  animals  with  tlic  head 
erect  have  no  retc  mirabilc ;  that  the  pituitary  gland  of  the  horse  is  larger ; 
that  the  pituitary  gland  belongs  to  the  conglobate  class,  tliat  the  lymph  of 
the  cerebrum  la  discharged  by  it.  and  moves  by  inoonspicuous  lymphatic  vessols 
towards  the  veins.     Ue  also  points  out  the  circular  ainos."— Editor. 
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590.  For  the  purpose  of  forming  the  vaults  of  the  cavcruoua 
sinuses  and  the  sella,  the  dura  mater  is  not  only  doubled  in  this 
basilar  region  of  the  cranium,  but  through  the  tentorixim  it  also 
descends  between  the  cerebrum  and  the  cerebellum,  so  as  to 
concentrate  itself  in  the  other  extremity  of  the  axis.  When  the 
tentorium  reaches  the  petrous  portion  of  the  temporal  bones, 
almost  near  the  seventh  pair  of  the  cranial  nerves,  it  is  attached 
to  and  implanted  in,  the  dura  mater  of  that  region,  and  by  a 
moderate  arch  is  continued  fix)m  one  foramen  of  that  pair  to 
the  other,  passing  over  the  sphenoid  bone ;  thence  stretching 
out  somewhat  it  extends  straightway  upwards,  and  attaches  it- 
self to  the  posterior  side  of  the  sella  turcica,  and  thence  it 
climbs  over  the  pituitary  gland,  and  while  applying  itself  to  it, 
along  the  anterior  and  more  depressed  part  of  the  gland  it  is  at 
once  inrooted  in  the  dura  mater  below,  under  the  foramina  of 
the  optic  ner\'C3.  This  same  posterior  pro<lnction,  between 
the  above-named  nerves,  sends  out  a  similar  process  on  both 
sides,  almost  at  a  right  angle.  This  process  extends  to  the 
sides  of  the  same  sella,  and  attaches  itself  to  the  former  proce-ss 
— to  that  near  its  aiiterior  part.  Thence  it  is,  that  a  kind  of 
ceiling  spreads  over  the  more  depressed  portion  of  the  sphenoid 
bone,  which  subsides  in  the  form  of  valley,  and  that  tho  recep- 
tacles of  the  sella  turcica,  or  the  cavernous  sinuses,  are  formed 
wherein  are  enclosed  the  carotid  arteries,  after  they  have  just 
entered  into  the  cranial  cavities,  and  likewise  several  nerves 
which  are  about  to  leave  the  cranium.  Hereby  is  also  seen  bow 
the  lower  part  in  the  jKisterior  portion  of  the  sella  is  covered  by 
the  expausiou  uf  the  transverse  production,  so  that  iho  posterior 
cavernous  receptacles  or  siouses  arc  thereby  formed.  The 
above-roeutioned  traasverse  production  sends  out  also  in  aji 
oblique  directiou  some  other  ligamentous  processes  down  into 
the  declivitous  middle  piano  of  tho  sella,  following  the  direction 


THE  SPHENOID  BONE, 


9« 


of  the  posterior  clinoid  procesaea,  so  that  the  lateral  portious 
of  the  cavernous  receptacles  are  separated  from  that  which 
is  behind.  The  dura  mator,  however^  of  the  base  of  th(! 
cranium  itself  runs  together,  as  it  were,  from  four  quarters, 
for  the  purpose  of  constructing  the  bottom  or  the  floor  of  the 
sella  itself  and  also  of  the  cavornous  sinuses;  it  runs  down  from 
the  upper  region  of  the  frontal  bone  around  the  optic  foramina, 
and  above  the  anterior  clinoid  processes;  from  the  lower  region, 
or  from  that  of  the  occipital  bone,  over  the  middle  of  the 
sphenoid  bone ;  and  from  the  two  lateral  regions,  or  from  the 
re^on  of  the  petrous  portions  of  the  temporal  bones,  and  the 
•'  npper  wings  "  of  the  sphenoid  bone,  through  the  bottom  of  the 
cavernous  sinuses.  In  this  wise  the  dura  mater  of  the  whole 
cerebrum  meets  together  from  every  comer  for  the  purpose  of 
forming  the  couch  aud  resting-place  of  the  noble  gland  then.^ 
where  is  its  own  proper  termination,  and  also  the  common  ter- 
mination of  all  the  organs  of  the  brain.  It  is  hence  sufficiently 
plain,  that  thither  also  aim  all  the  above-mentioned  organs 
from  the  ventricles. 


Thb  SPHEHotD  Bone. 


591.  The  sphenoid,  basilar,  or  wedge-shaped  bone,  also  called 
the  winged  and  multiform  bone,  binds,  as  it  were  together,  the 
booes  of  the  whole  cranium.  It  is  also  multiform ;  but  in  its 
apparent  irregularity  it  is  most  regular,  when  regarded  in 
respect  to  its  offices  of  transmittiug  nerves  and  arteries,  and 
of  connecting  together  the  last  processes  of  the  bones;  further, 
of  constructing  a  chamber  for  the  pituitary  gland  and  the  cav- 
ernous sinuses,  of  serving  as  a  bottom  for  the  cerebrum  and  the 
medulla  oblongata,  and  as  a  ceiling  for  the  sphenoidal  sinuses,  the 
nose  and  palate.  Interiorly  and  anteriorly  it  is  articulated 
with  the  frontal  and  ethmoid  bones,  the  vomer  aud  malar  bones, 
the  two  bones  of  the  palate  and  the  zygomatic  processes;  later- 
ally by  the  wings  sent  out  upwards  in  an  oblique  direction  with 
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the  two  large  parietal  bones,  the  orbits  and  the  temporal  bones, 
posteriorly,  however,  with  the  petrous  portions  of  the  temporals; 
and  lastly  with  the  occipital  bone.  The  centre  of  gravity  of  the 
•whole  of  this  bone,  and  consequently  of  all  the  bones  of  the 
cranium,  is  the  sella  turcica,  or  the  bosom  and  couch  of  the 
pituitary  gland.  This  sella  is  encompassed  with  walls  slightly 
concave,  which  are  also  in  their  centre  fitted  for  the  recep- 
tion of  the  appendage  of  the  gland.  Upwards  on  both  sides, 
two  processes  are  insinuated  from  the  frontal  bone,  called  the 
anterior  clinoid  processes,  which  are  inserted  in  the  base  of 
the  sphenoid  bone.  Tliese  processes  with  their  apices  tend  to- 
wards the  centre,  and  enclose  two  holes  for  the  nerves  of  the 
eye  connected  by  an  open  groove,  which  is  strengthened  by  a 
bony  elevation  [olivary  process  or  eminence].  The  holes  which 
have  just  been  mentioned,  or  the  optic  foratnina 'derive  their 
walls  and  septum  from  the  frontal  bone,  but  their  lower  portion 
from  the  sphenoid  bone;  for  both  bones  thus  slide  in  an  oblique 
direction  iut^  one  another.  To  these  processes  correspond  two 
lower  ones  called  the  posterior  clinoid  processes  which  are  like 
the  apices  or  angles  of  a  certain  dam,  which  being  continued 
below,  is  attached  to  the  occipital  bone.  Meanwhile  these 
clinoid  processes  become  sharper  in  their  inclination  forwards, 
yet  having  respect  to  the  same  centre  of  gravity.  These  pro- 
cesses are  the  props,  walls  and  termini  of  the  receptacles  of  the 
sella — the  cavernous  sinuses — which  being  encompassed  and 
invested  by  the  dura  mater,  receive  in  their  cavity,  as  in  marine 
doclsB.  the  carotids  and  several  nerves;  and  in  the  middle  lies 
enclosed  the  pituitary  gland.  At  the  side  of  this  dam  or  ram- 
part the  carotids  pass  out,  and  they  at  once  enter  into  the  porch 
formed  by  the  cavernous  sinuses  at  the  sides  of  the  middle  por- 
tion of  the  sella,  towards  which  they  incline.  Under  the  bottom 
of  both  these  sinuses  are  two  caverns,  called  the  sphenoidal 
sinuses,  which  are  invested  with  a  general,  thinner  mucous 
membrane,  and  irrigated  by  little  arteries  which  pass  through 
them,  and  which  are  conveyed  thither  from  other  parts.  The 
auterior  clinoid  processes  let  themselves  down  obliquely,  for  the 
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purpose  of  forming  the  walls  of  the  same;  and  after  making  an 
almost  oval  circuit  they  conjoin  themselves  with  the  dam  of  the 
posterior  clinoid  processes  before  the  carotid  foramina.  From 
the  septum  between  the  carotid  foramina  under  the  sella 
turcicai  a  wall  or  lamcllated  septum  [septum  sphenoidale] 
runs  out  which  has  its  termination  in  the  middle  of  that  dam. 
and  separates  the  sphenoidal  sinuses  from  one  another.  Nature, 
however,  as  everywhere  else,  so  also  in  hollowing  out  and  con- 
structing these  sinuses,  delights  in  variety.  Sometimes  it 
erects  this  intermediate  lamellated  septum  higher  up  in  the 
left  cavern,  and  thus  enlarges  the  right ;  and  at  another  time 
there  is  an  opening  in  it  conjoining  the  two;  sometimes  it  re- 
moves the  septum  altogether,  and  makes  one  out  of  the  two 
cavities;  sometimes  even  it  fills  up  the  whole  with  a  spongy 
boue,  so  that  there  is  no  continuous  cavity  under  the  cavernous 
sinuses.  In  infants  these  cavities  are  not  yet  open;  in  older 
subjects  they  coalesce.  In  those  subjects  where  the  cranium 
is  thick,  and  the  frontal  bone  does  not  swell  out ;  and  where 
the  frontal  sinuses  are  missing,  and  the  frontal  bone  is  divided 
by  a  suture,  according  to  Riolauus,  the  sphenoidal  sinuses  do 
not  exist.  These  sinuses,  whore  they  are  deeper,  near  the 
middle  septum,  have  two  openings  towards  the  upper  part  of 
the  conchae  narium  [i.e,  the  turbinated  portion  of  the  ethmoid 
boue],  so  as  to  communicate  with  the  turbinated  or  spongy 
bones,  and  with  the  cavities  of  the  palate. 


[Modern  Authors. 


591a.  Frey,' — "The  pituitary  body,  or  hypophysis  cerebri, 
was  formerly  supjwsed  to  be  a  glandular  structure,  but  was 
ibsequently  classed  among  the  nervous  organs.  Present  in 
"all  five  classes  of  vcrtcbrata,  but  smallest  in  man  and  the 
uiammnltn,  it  consists  in  the  latter  of  two  portions  or   lobes. 

'  Frty  (neiiiriuh).     "The  Histology  and  Histocbemy  of  M»n,"  transUtefl 
from  ith  ficmijin  Gtlitiim  by  Arthur  E.  J.  Barker,  and  revisctl  by  the  Autlior. 
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Id  the  smaller  •posterior  part/  which  is  greyish  in  colour,  we 
meet  in  a  connective-tissue  substratum  with  fine  isolated  nerve 
tubes,  cells  resembling  ganglion-corpuscles,  a  quantity  of  susten- 
tacular  connective-tissue,  with  fusiform  cells  and  blood-vessels, 
but  no  glandular  elements.  The  '  anterior  lobe,'  much  larger 
and  redder,  has  by  no  means  the  same  structure.  It  is 
traversed  by  a  canal,  according  to  Peremeschko}  and,  as  was 
found  many  years  ago,  by  Eck^r,  it  possesses  great  similarity 
with  the  so-called  blood-vascular  glands  [Le,  ductless  or 
vascular  glands].  Here  we  encounter  within  a  connective- 
tissue  framework  very  richly  supplied  with  blood-vessels,  round 
or  oval  glandular  cavities,  measuring  in  man  and  among 
mammalia  0.0496-0.0099mm.  These  are  occupied  by  cells  of 
about  0.0140mm.  in  diameter,  with  tolerably  large  and  finely 
gramilar  bodies.  Here  also  we  find,  according  to  Ecker  and 
Peremcsdiho,  a  colloid  metamorphosis  of  the  cell,  like  that 
which  takes  place  in  the  thyroid  gland  The  canal,  whose  form 
is  very  various  in  different  animals,  is  lined  among  the  latter 
with  flattened  cells,  which  in  man  are  ciliated.  It  is  continuous 
with  the  cavity  of  the  infundibulum.  Behind  the  canal  the 
tissue  assumes  a  somewhat  difierent  character.  Here  we 
remark  besides  a  finely  granular  mass  and  free  nuclei,  cells 
whose  bodies  seem  poor  in  granular  substance  Colloid  vesicles 
are  also  to  be  found  there  ;  the  framework  is  fomied  of  a  some- 
what more  highly  developed  connective-tissue  than  elsewhere. 
— The  pituitary  body  is  richly  supplied  with  interlacing 
capillaries,  O.OOoOmm.  in  diameter,  the  anterior  portion  being 
must  vascular  (PeremeacIJco)  "  (p.  446,  §  238). 

519^.^  QuAiN. — "The  general  nature  of  the  pituitary  gland 
or  hypophysis  cerebri,  in  its  joint  connection  with  the  infundi- 
bulum of  the  brain  on  the  one  hand,  and  a  diverticulum  of  the 
alimentary  canal  on  the  other,  was  first  pointed  out  by  Rathke 
(M  tiller's  Archiv.,  1838,  p.  482),  although  he  afterwards  aban- 


'  PfTfmtJifhko\  ftnd  lilio  Snpolin$*9»  Aocouota  of  Xhc  central  c&n&l  of  the 
liypophyitU  will  lie  fouiu)  in  the  Appendix,  in  Note  vi.  no.  17.  — Enrron. 
^  Vuftin's  "Elcmvntsoi  Anatomy.     Kighth  Kilition.     London  lt(70. 
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cloned  the  view  there  set  forth.  It  was,  however,  fully  confirmed 
by  others ;  and  among  recent  observers,  we  owe  more  especially 
to  Wilhelvi  Miiller  an  elaborate  investigation  of  the  whole 
subject  (Jenaische  Zeitschr. ;  vol  vi.,  1871),  who  traceil  most 
carefully  the  nervous  and  diverticular  elements  in  their  develop- 
ment, and  their  union  with  mesoblastic  elements  in  the  forma- 
tion of  the  gland.  Goette  next  ascertained  that  the  divcrticuhnn 
from  below  is  connected  with  the  buccal  cavity  and  epiblast, 
and  not  with  the  pharynx  and  hypoblast,  as  was  previously 
supposed  (Archiv  fur  Mikroscop.  Anat,  vol.  ix,  p.  397).  The 
observations  of  Mihalkovics  on  Mammals  complete  the  history 
of  this  point  in  development,  aud  will  be  mainly  employed  in 
the  following  description. 

'*The  formation  of  this  body  may  be  shortly  described  as 
consisting  in  the  meeting  and  combination  of  two  outgrowths 
from  very  dift'erent  fundamental  parts;  one  cerebral  or  medul- 
lary from  above,  and  the  other  corneous  or  epiblastic  (glandular), 
from  below  in  a  recess  of  the  cranial  basis  which  afterwards 
becomes  the  pituitary  fossa,  The  cerebral  outgrowth,  the 
posterior  of  the  two  parts,  takes  place  by  the  formation  of  a 
pointed  projection  downwards  of  a  portion  of  the  lower  medul- 
lary wall  of  the  vesicle  of  the  third  ventricle,  and  its  finn 
adhesion  to  the  base  of  the  cranium.  This  is  the  commence- 
ment of  the  infundibulum.  Meanwhile  a  little  in  front  of  the 
same  place,  there  is  projected  upwards  from  below  a  part  of  the 
basilar  surface  of  the  cranium,  so  aa  to  form  a  deep  recess  lined 
by  *he  corueoiis  layer  from  the  back  and  upper  part  of  the 
future  mouth.  This  recess  is  the  commencement  of  the 
hypophysis  or  pituitary  body  in  its  glandular  portion.  .  .  . 
The  tiask-like  outgrowth  of  the  buccal  epiblast  which  gives  rise 
to  the  hypophysis  perebri,  is  now  gmilually  shut  off  from  the 
corneous  layer  and  cavity  of  the  mouthy  first  by  constriction,  aud 
flubsequeotly  by  the  closure  of  its  place  of  communication. 
There  remains,  however,  for  a  considerable  time  a  longish 
thread  of  union  between  the  two.  The  epithelium  of  the 
enclosed    portion    subsequently   undergoes    developuieut  into 
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glandular  cceca  aud  cell-cords,  aud  its  internal  cavity  becomes 
gradually  obliterated.  This  forms  the  anterior  part  or  lobe  of 
the  pituitary  body.  The  posterior  part  owes  its  origin  to  the 
combination  with  mesoblastic  tissue  of  a  widened  extension  of 
the  infundibiilar  process  of  the  brain,  which  is  thrust  in  between 
the  sac  of  the  pituitary  body  and  the  dorsum  sellce.  The 
nervous  structure  of  this  posterior  lobe  afterwards  disappears  in 
the  higher  animals,  but  in  the  lower  it  retains  its  place  as  a 
part  of  the  brain  "  (vol  11.  pp.  735-737).' 

619c.  Ekker.2 — "  The  pituitary  gland  surpasses  all  parts  of 
the  bmiu  and  spinal  cord,  not  only  in  the  size  aud  immense 
number  of  blood-vessels,  but  also  iu  the  size  of  their  diameter. 
The  vessels  pass  into  the  gland  chiefly  out  of  the  infundibulum, 
and  from  the  middle  they  are  directed  into  both  lobes.  Other 
central  vessels  pass  into  the  glaud,  especially  towards  its 
circumference.  The  formation  of  an  extremely  dense  net 
happens  in  this  wise,  that  the  single  larger  vessels  wind  them- 
selves in  a  serpentine  manner,  and  communicate  with  one 
another  by  simple  anastomoses;  only  a  few  finer  vessels  are 
here  observed.  This  peculiar  net  is  by  no  means  confined  to 
the  glaudj  but  it  begins  already  in  the  infundibulum,  for  several 
larger  vessels  of  the  pia  matter  pass  around  the  inner  side  of 
the  optic  tract  in  the  neighbourhood  of  the  chiaaraa.  There 
larger  vessels  which  produce  several  branches  run  in  a  parallel 
direction  towards  the  infundibulum  into  which  they  despatch 
several  tortuous  little  branches.  The  lumen  of  several  of  the 
larger  vessels  amounts  to  0.234mm. ;  the  vein  in  the  nefgh- 
bourhood  of  the  infundibulum  in  its  diameter  measured 
0.81mm.,  the  capillaries  in  the  infundibulum  0.038mm.  In 
the  gland  itself  the  diameter  varied  between  0.0204mm.  and 
0.025omm.;  fine  vessels  with  a  diameter  of  0.0013mm.  were 

'  Adflitional  p&rtioaUra  oonccrning  the  fommtion  of  the  tLiitcrior  and 
posWrior  lobes  of  the  pituitary  glhiitl,  fui-uubeil  by  Mihrtikorics,  will  bo  found 
in  the  Appcnilix.  Note  vi,  mi,  4,— Ehitor. 

'  Kkker  {K.  K.).  *' De  cerebri  et  mMluIlnt  vftiiiftlui  cyit«iiiAte  v«*untra 
MplUamm."  Dissertat.  nnntntn.  iiuagiiml.  Utrccltt*  I8u3. — S«e  ftUa, 
**$climidt*i  JahrbUcher/'cto.     VoL  Uxxix.  p.  tSl. 
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rare,  but  a  few  larger  vessels  had  a  diameter  of  0.112niui. 
The  ca{>lllaries  of  the  pituitary  gland,  therefore,  are  more  than 
five  or  six  times  larger  in  their  diameter  than  those  of  the 
brain.  The  gland  seems  to  derive  also  a  few  vessels  from  the 
integnment  of  the  sella  turcica,  and  a  few  capillaries  from  \\\^\ 
carotid. "  * 

519(f.  MiHAT.KOvics." — "The  'anterior  lobe*  of  the  hypo- 
phyaia  is  an  oblong  body,  lying  in  an  almost  horizontal  position, 
which  sends  oft'  a  narrow  production  in  front  towards  the  chiasma 
of  the  optic  uervc'S.  The  lower  surface  of  the  gland  is  convex  ; 
its  upper  surface  from  right  towards  left  is  concave,  and  in  the 
depression  thus  formed  the  process  of  the  infundibidum  is 
inserted.  That  [wrtion  of  the  pituitary  gland  which  is  situated 
in  front  of  its  central  canal,  as  well  as  the  production  of  the 
glaud  towards  the  [front  of  the]  infuudibulum,  consists  of  blind 
epithelial  ducts,  0.018-0.03mm.  in  diameter.  These  blind 
ducts  on  the  outside  are  enclosed  by  a  fine  membrana.  propria, 
and  interiorly  they  consist  of  small  roundish  and  polygonal 
epithelial  colls  (4-5  /i).  Horizontal  sections  of  these  ducts 
exhibit  those  cells  arranged  in  the  form  of  rays,  although  hero 
and  there  a  narrow  lumen  rnay  be  discovered  iu  the  centre. 
Between  the^e  blind  ducts  thero  is  a  scanty  supply  of  connective 
tiaaoe  with  an  abundance  of  vessels,  whereby  the  ducts  arc 
entwined  in  the  niuniter  of  wicker  work.'  That  production  of 
the  gland,  which  ascends  and  enibraccs  the  process  of  the 
infundibulum,  in  a  contra!  direction  consists  of  cylindrical 
epithelia,  while  its  external  portion  is  composed  of  roundish 
and  polygonal  cells  furnished  with  short  productions.  Tiiese 
cells  have  entered  into  such  an  intimate  conjunction  with  tlm 
homogeneous  substance  of  the  process  of  the  infundibulum  that 


^  A  more  detailcil  accauut  of  the  arterial  and  veuouB  vesscUof  tho  pituitary 
glantl,  u  given  by  Wilhclni  MtiUor,  Luachka,  and  especially  Sa|>oUni,  ia 
BuntaiD«il  ill  the  Appendix,  Note  vi.,  noi.  S  and  \\.-  Kditdii. 

*  Mihalkuvio  (Prof.  V.  von).  "Eutwickeluug«ge«chichto  dea  GeUiriia,'* 
aic.     Lei|Ntig,  1877,  4(0. 

'  For  farther  particulars  concerning  the  organia»tion  of  the  oatorior  lobe, 
MS  /WvfiUMAito  ta  Appendix,  Xoi«  vi.,  no.  22.— £diiuh. 
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the  slwirp  border  between  the  posterior  wall  of  the  buccal 
projection — the  anterior  lobe  of  the  gland — and  the  process  of 
the  infiindibulum  has  been  wiped  out.  ...  In  the  lowest  part 
of  the  infnndibiilar  process,  sections  of  ample  lymphatic  vessels 
are  also  visible  "  (p.  88). 

olUr.  Lusi'HK.U — "The  fundamental  substance  of  the 
posterior  lobo  of  the  pituitary  gland  appears  to  be  a  certain 
molecular  mass,  diflfenng  in  quantity  in  different  places,  which 
mass  is  composed  of  immeasurably  minute  elements,  and  also  of 
some  which  are  a  little  bigger.  Said  mass  seems  to  be  a  kind 
of  cement  by  which  other  formations  of  various  kinds  are  kept 
in  connection.  Among  those  there  are  undoubtedly  ntrvou^' 
elements,  but  they  are  very  few  in  number.  Thty  coincide 
with  those  elements  which  are  noticed  iu  the  brain,  but  they 
are  very  much  inclined  to  become  varicose,  and  to  break  up 
gcuerally.  These  elements  consist  mostly  of  fine  nerve-tubes, 
which  are  fountl  isolated,  and,  in  a  certain  sense,  forced  apart, 
and  they  are  met  with  chiefly  in  the  circumference  of  the  pos- 
terior l*tbe.  These  elements,  as  a  matter  of  course,  are  conveyed 
into  tho  pituitary  gland  by  the  inftindibulum.  .  .  .  Notwith- 
staii'ling  the  small  t|uantity  of  nervous  tubes  in  the  gland,  at 
the  edges  of  mikroscopical  objects  taken  from  the  posterior  lobe, 
by  the  addition  of  water  and  other  re-agents,  there  are  discovered 
nuniherlL'SS  drops  and  streaks  Qiviyeh'n — a  medullary  substnnce 
— prL'smtiiig  all  sorts  of  forms.  .  .  .  Not  all  observers  who  have 
devi'ted  themselves  to  tho  examination  of  the  matters  under 
consideration  have  succeeded  iu  finding  nervous  tubes  in  the 
jwstti'ior  lobe;  especially  Hannover^  yfSA  notable  to  discover 
theui — he  says, '  I  liave  not  been  able  to  discover  cerebral 
fibres  in  any  part  of  the  gland ; '  while  Ecker  demonstrated 
their  existence  by  the  mikroscope.  Thus  frir  I  have  not  been 
able  to  discover  iu   the   posterior  lobe  of  the  hypophyaijj   of 


'  Liuchkii  in.  r.)<  **£>er  Uiruanhang  uQtl  die  SteissdrUM  de*  Meiischtfii.'* 
ItorUu.  I860,  4to. 

*  HuiDovcr  (A.)*  "Itechcrchcs  mikroakopiqaM  aur  le  sfstcme  oervedJ:.'' 
CoiwQhagen,  IS  14.  4to. 
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adults  fonnatioDs  which  indubitably  might  have  been  claimed 
as  gaDglionic  cells,  although,  m  all  tnikroscopic  objects,  corpuacles 
are  exhibited  which  bear  some  likeness  to  theso  cells  '*  (p.  21). 

"  The  elements,  overwhelmingly  larger  in  number,  which 
enter  into  the  composition  of  the  posterior  lobe  ol'  the 
hypophysis  are  connective-tissue  cells,  extremely  manifold  in 
form  and  size.  Most  frequently  fusiform  formations  are  met 
with,  which  sometimes  are  very  much  drawn  out  in  length,  and 
are  provided  with  a  nucleus,  the  outlines  of  which  sometimes 
are  more  distinct,  and  sometimes  more  obscure ;  sometimes  also 
not  a  vestige  of  such  a  nucleus  is  visible.  In  this  latter  case 
the  middle  section  of  the  cell,  which  is  perfectly  homogeneous, 
very  gradually  passes  off  into  a  thread-like  production,  which 
sometimes  is  extremely  prolonged"  (p.  23). 

"  In  the  substance  of  the  posterior  lobe  of  the  hypophysis 
there  are  not  a  few  formations,  which  can  only  be  explaiiied  as 
degenerate  ciliated  ejAthelud  cellts.  .  .  .  The  cunically-shaped, 
nucleated,  very  pale  cells  are  furnished  with  surprisingly  long, 
thin  productions  or  stems.  <  .  .  Unless  these  little  stems,  which 
arc  very  long,  and  proportionably  wide,  and  which  are  sharply 
and  darkly  outlined,  are  recognized  in  their  full  connection, 
they  might  cosily  be  mistaken  for  nervous  fibres;  especially  as 
occasionally  they  are  nodose  "  (pp.  24,  25). 

"  In  the  face  of  the  results  of  numerous  investigations  detailed 
above,  we  cannot  seriously  entertain  the  thought  that  the 
posterior  lobe  of  the  hypophysis  is  a  cerebral  organ  of  any 
important  functional  significance.  But  all  indications  are 
rather  in  favour  of  our  regarding  it  as  a  cerebral  formation,  in 
which  the  cerebral  elements  are  undergoing  a  process  of 
degeneracy,  and  are  breaking  up  generally  '*  (p.  26).^ 

519.  Wenzel.* — *'  The  upper  surface  of  the  hj'pophysb  is 
covered   with   dura   mater,  all   escept   a   small  place    around 


^  ftc«  also  PfttmtarhhiH  aoontint  of  the  struutnre  of  tbe  poaterior  lobo  in  the 

AppAmllK,  Not«  V\.^  DO.   14.  — EliIToR. 

*  Wonxol  <Jo»Gphnfi  et  C&ruluft).     **  De  penitiori  Stracturu  Cerebri  bominU 
ctbrutarum."    TuUngie,  ldl2.  fol. 
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the  infandibulum.  This  small  place,  generally  round,  in 
the  middle  of  which  the  iiifundlbutum  is  inserted  in  the 
hyf)Ophysis,  is  so  luuch  the  hirger  and  more  conspicuous  the 
farther  advanced  a  persona  age  is.  In  infancy  and  early 
youth,  although  it  is  not  absent,  yet  it  is  very  small,  arid 
therefore  almost  escapes  the  eyesight.  The  exterior  boundaries 
of  this  small  place,  as  already  stated,  are  formed  of  dura  mater, 
arrnuged  so  as  to  present  a  kind  of  smooth  circle,  which  in 
youth  is  contiguous  to  the  surface  of  the  hypophysis.'  The 
dura  mater  is  indeed  thinner  in  that  place,  as  is  taught  mani- 
festly by  experience  wheu  this  same  membrane  is  separated 
there  from  the  exterior  part  of  the  sella.  Nevertheless,  there  is 
still  so  much  firmness  in  it,  that  the  remaining  part  of  the  dura 
mater,  which  covers  the  hypophysis,  serves  to  prevent  or  to 
moderate  tb©  pressure  of  the  brain  on  the  hypophysis.  Within 
the  little  circle  mentioned  above  there  is  situated  around  the 
infundibulum  a  certain  thin,  although  dense,  reddish  membrane, 
which  is  a  continuation  of  the  external  integument  of  the 
infundibulum,  and  thus  of  the  pia  mater  of  the  cerebrum.  For 
in  a  boy,  one  year  old,  we  tried  to  pull  one  half  of  that  membrane 
around  and  above  the  infundibulum,  and  we  succeedc^d  so  well, 
that  afterwards  the  infundibulum  was  left  quite  slender.  This 
same  membrane,  which,  under  the  circle  of  the  dura  mater,  is 
continued  over  the  surface  of  the  hypophysis,  lines  its  anterior  and 
posterior,  its  inferior,  and  also  both  lateral  surfaces — the  smaller 
lobe  of  the  hypophysis  not  being  excepted.  In  certain  places 
on  the  surface  of  the  hypi^physis  this  membraue  is  thinner  tlian 
in  other  places  ;  whence  it  is.  that  the  substance  of  the  hypophysis 
is  translucent  in  those  places.  That  portion  of  the  mombrauo. 
however,  which  lines  the  smaller  lobe  of  the  hypophysis,  seems 
thinnest  of  all ;  wherefore,  if  you  wi*h  to  extract  the  hypo])hysi5 
unimpaired,  you  must  be  extremely  careful  just  thera  If  the 
luenibraue  is  removed  in  that  place  where  the  two  lobes  meet. 


^  Key  And  Ketnitsiiii9C(iPen:(l  ou  the  »tirfaor  of  the  pitiiitAry  gloiiit,  Lict«'cou 
tliv  iiiWguqienC  of  t)i«  glnud  and  the  dun  DiAtcr.  4  rvcoptaclc  ol  the  ■uU' 
ar&chiioid  Uuid.    8eo  Appendix,  Kutc  vi.,  no.  5. — Kmtoiu 
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id  where  they  are  coatiguous  to  one  another,  the  cohesion 
itween  the  two  lobes  is  for  the  most  part  destroyed.  When- 
rer  the  membrane  is  loosened  from  the  surface  of  either  lobe, 
the  substance  of  the  hypophysis  appears  exposed  "  (p.  210).  '*  In 
adults  and  persons  further  advanced  in  age,  if  the  examination 
bo  carried  on  with  due  care,  vessels  are  clearly  and  distinctly 
noticed  between  the  two  lobes"  (p.  220).^ 

"  First  Expeviment  [of  injecting  the  hypophj^sisj. — In  the 
month  of  October.  1796.  we  introduced  several  times  into  the 
thini  ventricle  of  a  young  man  the  contents  of  a  small  syringe 
charged  with  an  infusion  of  re<i  poppy  flowers,  for  the  purpose 
seeing  whether  anything  of  the  infusion  would  penetrate  into 
le  infundibulum,  and  thence  into  the  hypophysia  We  kept 
tc  corcbnim  unmoved  iu  its  natural  position  until  the  next 
lorning.  On  examining  with  the  greatest  care  the  infuudi- 
ilum,  together  with  the  hypophysis,  we  did  not  discover  any 
•e  of  the  injected  liquid  in  whatever  direction  we  carried  on 
le  dissection.  The  liquid  must  have  escaped  through  the  fourth 
intricle,  since  we  did  not  discover  it  anywhere  in  the  cerebrum." 
Sfamtl  Experiment. — Ou  the  10th  of  May.  1797,  we  dis- 
;to<l  the  infundibulum  of  a  robust  young  man,  near  its  up|)er 
Etremity,  where  it  is  joined  with  the  thinl  ventricle.  We  took 
the  whole  brain  out  of  the  cranium,  leaving  the  hypophysis 
ttouchetl.  With  a  syringe  Anelii  (for  a  lacrymal  fistule),  the 
itle  tube  of  which  was  introduced  into  the  infundibulum  as 
as  the  place  where  it  ia  inserted  in  the  hypophysis,  wo 
injected  a  sufficient  quantity  of  ink,  until  we  experienced  some- 
what of  a  recoil.  After  cutting  out  the  whole  hypophysis, 
nothing  of  the  injected  liquid  appeared  on  the  surface  of  the 
anterior  lobe,  but  it  had  penetrated  everywhere  into  the 
»terior  lobe.  Upon  making  a  horizontal  dissection  of  the 
Dphysis,  the  substauce  of  the  smaller  lobe  was  found  every- 
lere  coloured  with  ink.  In  the  larger  lobe,  on  the  other  hand, 
saw  only  a  few  subtle,  black  streaks,  which,  proceeding  from 


Sec  th«  Obsorrations  of  the  Brother*  Weu2el  in  the  Appendlix,  Notevi., 
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the  place  where  the  infundibuUim  is  inserted  in  the  gland. 
were  dispersed  thi*ough  the  substance  of  the  larger  lobe  "  (p.  225). 

"  I^Hntfi  Experiment. — On  the  9th  of  October,  1800,  we  dia- 
aected  the  infundibulum  of  a  young  man  near  the  third 
▼entricle.  The  braui  was  afterwards  taken  out  On  examining 
with  a  loupe  the  dissected  surface  of  the  infundibulum,  we 
could  not  discover  in  it  any  aperture.  This  time  we  bad 
decided  to  effect  an  injection  through  the  posterior  lobe  of  the 
hypophysis,  in  order  to  see  whether  any  of  the  injected  liquid 
would  pas"*  into  the  infundibulum  and  the  anterior  lobe.  For 
thia  purpose  we  removed  out  of  the  posterior  wall  of  the  sella 
with  a  chisel  so  much  of  the  bone,  until  a  little  portion  of  the 
surface  of  the  posterior  lobe  was  distinctly  visible.  After 
perforating,  with  a  pair  of  scissors,  the  membrane  which  lined 
the  lobe,  we  introduced  the  little  tube  of  a  syringe  through  the 
opening  into  the  substance  of  the  lobe,  yet  not  beyond  the 
distance  of  a  line.  In  order  to  give  to  the  syringe  a  horizontal 
direction,  we  cut  out  a  triangular  segment  from  the  occipital 
bone.  At  the  first  injection  the  injected  liquid  rose  from  the 
surface  of  the  diK.sected  infundibulum  like  a  little  fountain. 
But  whether  it  issued  out  of  one,  or  out  of  several  openings  lu 
the  infundibulum,  we  were  not  able  to  tell.  We  repeated  this 
experiment  eeveral  times,  always  with  the  same  result.  Finally, 
we  took  out  the  hypophysis,  and  dissected  it  horizontally  throtigh 
the  middle.  In  the  anterior  lobe  we  did  not  discover  anywhere 
any  trace  of  the  injected  liquid ;  but  chiefly  the  middle  part 
of  the  posterior  lobe,  into  which  the  little  tube  had  been  inserted, 
was  blue.  At  its  anterior  margin,  except  where  the  infundi- 
bulum is  inserted,  nothing  whatever  of  the  injection  aj>peared  " 
(p.  229).' 

'^Results. — From  the  twelve  exj)eriments  which  had  been 
instituted,  the  following  results  may  be  deduced : — 

*  See  the  commeat  on  the  ninth  experiment  of  thr  Brothers  Wenxel  In 
AppeuUlx,  Note  vi.,  no.  2fi,  and  compAre  the  experimrntfi  of  the  HrotKen 
Wtnul  M'ith  thu  iutercstlug  experinieiit*  Instituted  by  Sai>oiini,  who,  by  A 
novel  pbin,  injetitcd  m  solution  of  aniline  throDgh  the  infundibulum  into  tfa« 
hypophyua;  ■««  Ap[>eudix,  Note  vi.,  no.  ^O.^Kditor. 
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'^irsf,  when  any  suitable  liquid  is  injected  into  the  third 
ventricle,  nothing  passes  into  the  iufuudibulura.  no  matter  how 
long  the  liquid  is  left  in  the  third  ventricle.  Wherefore,  in 
order  that  anything  may  pass  fnnu  the  bruin  into  the  iul'uuUi- 
bulura,  an  energetic  or  violent  injection  made  into  the  infundl- 
buluiu  itself  seems  to  be  necessary. 

"  Sfcondly,  if  the  little  tube  of  a  syringe  be  introduced  from 
the  third  ventricle  as  far  as  llie  infuudibuluin,  where  it  is 
inserted  in  the  bjixjphysis,  the  posterior  lobe  is  either 
coloured  entirely,  or  as  to  some  of  its  portion,  but  only  very 
little  of  the  anterior  part.  Wherefore,  the  iufundibulum  is 
either  conjoined  more  closely  with  the  posterior  lobe  of  the 
hypophysis  than  with  the  anterior  lobe,  or  the  cause  lies  in  the 
f,Tcater  softness  of  the  posterior  lobe,  for  which  reason  more  of 
the  injected  liquid  would  enter  into  it.  and  more  easily. 

"*  Thirdly,  if  in  mammals  the  point  of  the  syringe  be  iutro- 
ducetl  from  the  brain  into  the  iufundibulum,  to  where  it  touches 
the  hyptjphyaia,  or  where  it  incliuea  towards  it,  the  iufundibulum 
is  indeed  coloured  as  far  as  the  place  of  its  insertion  into  the 
hypophysis,  but  neither  the  anterior,  nor  the  posterior  parts  of 
tJie  hypophysis  arc  coloured.  The  force,  therefore,  with  which 
the  fluid  is  injected,  it  seems,  must  be  brought  to  bear  nearer 
to  the  place  of  insertion  of  the  iufundibulum,  in  order  that 
unything  may  pass  into  the  hypophysis. 

"  Fourthly,  if  the  little  tube  of  tho  syriuge  is  inserted  into 
the  posterior  lobe  of  a  human  hyiJophysis,  and  if  an  injection 
is  made  through  the  same,  the  Injected  liquor  darts  out  as  soon 
aa  {>os3ibIe  through  the  dissected  surface  of  the  iufundibulum. 
This  way,  therefore,  seems  to  be  more  adapted  to  the  structure 
of  the  iufundibulum,  and  to  correspond  more  to  it,  and  also  to 
be  more  natural  "  (p.  232). 

Swedenborg's  theory  of  the  pituitary  gland  is  examined  in 
the  combined  light  of  modern  science  in  the  Appendix, 
Note  vi.,  F,  which  is  entitled,  "  Functions  of  the  Iufundibulum 
and  the  Pituitary  Gland."] 
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592.  The  pituitar)'  inland  is  tlie  last  of  the  organs  of 
the  whole  chyinical  laboratory  of  the  brain.  It  is  their 
complement  and  crown,  and,  at  the  same  time,  the  only 
undivided  organ  belonging  to  both  hemispheres.  Thither  also 
converge,  in  company  with  the  infundibuhim,  the  three 
ventricles,  the  five  foramina,  the  nine  ganglionic  prominences 
[tuberciila  antcriora  of  the  optic  thalami,  corpora  albicautia, 
corpora  qnadrigetnina  and  pineal  gland],  the  isthmns,  the 
fornix,  and  the  corpus  callosum.  Almost  an  entire  half  of  the 
cerebrum  also  tends  thither,  together  with  the  corpora  striata 
and  optic  thalami,  and  the  cerebellum ;  the  latter,  however, 
tends  thither  obliqtiely  or  indirectly.  The  very  longitudinal 
axis,  and  the  transverse  axis  from  the  straight  sinus  and  the 
pineal  gland,  couvergo  thither,  because  it  is  the  terminus.  Two 
pairs  of  the  lobes  of  the  cerebrum  cherish  the  pituitary  gland 
in  their  bosom,  as  it  were.  The  carotids  lie  most  closely  to  it, 
and  the  vertebral  arteries,  without  mentioning  the  rete 
mirabile,  iipproaoh  towards  it;  several  nerves  also  apply  them- 
selves to  its  sidea  The  tentorium,  which  is  the  arm  of  all  the 
processes  of  the  dura  mater,  also  inflects  itself  in  this  direction, 
together  with  the  dura  mater  itself,  both  of  which  look  for 
their  centre  of  gravity  in  this  bottom  of  the  cerebrum,  and  in 
this  base  of  the  cranium,  where  they  find  their  port  and  harbour. 
The  pia  mater  also  forms  a  duplicature  here,  and  associates 
itself  from  above.  Some  of  the  sinuses  of  the  base  of  tho- 
cranium  likewise  encompass  it;  the  larger  ones  [the  inferior 
and  superior  petrosal  sinuses]  lean  their  heads  agednst  it, 
and  take  thoir  origins  llience,  like  brooklets  from  a  fountain. 
The  sphenoid  bone,  and  consequently  the  bones  of  the  whole 
cranium,  which  are  all  connected  with  the  sphenoid,  meet 
together  for  the  purpose  of  forming  a  chamber  and  saddle  for 
the  gland,  and  for  protecting  it,  and  taking  their  rest  there. 
UuilcTij''alh,  tho    L'luiid   sinn>fS    [the    splwjiMid;il    sinusf*-*!    :u-»' 
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excavated,  and  gapo  open,  in  company  with  the  remaining 
osseous  sinuses;  and  in  this  wise  a  communication  is  maintained 
with  the  nose  and  the  palate.  Nor  can  there  be  anywhere  a 
station  more  secure  against  harm  and  the  destructive  influences 
which  pn?s3  in  from  the  circumferences.  If,  thei*efore,  the 
brain,  with  its  substances  and  membranes,  its  intermediate  and 
ultimate  integuments,  its  processes,  arteries  and  sinuses,  con- 
centrates in  this  one  gland,  as  in  a  certain  terminus  of  its  work, 
it  must  needs  bo  that  it.  has  in  view,  and  carries  out  here,  some 
sublime  and  grand  work  which  concerns  the  whole  kingdom, 
and  on  which  its  welfare  depends.  On  this  account  the  pituitary 
gland  may  deservedly  be  styled  the  gland  of  life,  or  the  arch- 
glaniL  But  that  it  is  of  such  intrinsic  imi>ortance,  and  that  its 
nature  is  such,  can  never  be  known  from  itself  alone,  but  only 
when  it  is  regarded  in  connection  with  the  parts  that  precede 
and  follow  it ;  and  thus  when  it  is  considered  from  thum. 

593.  This  gland,  as  it  resides  thus  in  its  celebrated  curulian 
chair,  is  expanded  and  constricted  by  alternate  motions,  just 
like  the  cerebrum  and  the  cerebellum,  and  by  this  means 
receives  within  itself  liijuids  of  a  threefold  order,  or  three  kinds 
of  liquids,  namely,  (1),  the  purest  essence  or  the  genuine  animal 
spirit  through  the  fibres  from  the  cerebrum  itself;  (2),  a  species 
of  a  middle  kind  [the  animal  spirit  wedded  to  senmi  from  the 
choroid  plexuses]  through  the  network  between  the  tibres,  from 
the  infiindibulum ;  and  (3),  a  si?rous  [grosser]  portion  through 
the  membranous  productions  of  the  beak — the  processus  infundi- 
ili — also  from  the  infundibulum.  The  two  first  kinds  it 
lives  in  its  interiors,  but  the  thin!  on  its  outside.  As  it 
lives  these  liquids  distinctly,  it  also  dispatches  or  excretes 
lem  distinctly.  The  purest,  that  is,  the  spirituous  esaence,  it 
immitH  Ui  its  own  little  sinusi^a,  namely,  the  lower  transverse 
lU  the  upper  circular  sinuses ;  the  ii(|uid  of  a  middle  kind 
emits  through  lympheducts  and  venous  vessels  into  the 
Wes  of  the  cranium,  but  the  serous  liquid  it  empties  into  the 
tvernons  sinusea  All  three  liquids,  however,  it  consigns  to 
le  jugular  veins,  lin-l  thus  conveys  and  contributes  them  to 
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the  common  mass  of  the  blood  Neither  the  size  of  the  gland, 
nor  its  exceedingly  small  tubes,  offer  any  obstacle  to  this 
function. 

594.  That  the  gland  alternately  expatids  and  constricts 
itself  in  its  sella  follows  from  its  white  and  reddish,  or  from 
its  fibrous  and  slightly  cincritious  substance ;  likewise  fmm  the 
cavities  and  follicles  which  are  in  the  gland  itself,  and  in  its 
appendage ;  further,  from  the  distance  and  space  between  the 
gland  and  the  wall  of  the  sella;  again,  it  follows  from  the  fact 
of  its  being  attached  with  itfi  roof  to  the  dura  mater,  so  as  to  be 
held  suspended  and  in  the  capacity  of  swelling.  Its  oval  shape, 
its  lateral  convejcity,  and  the  soilness  of  the  appendage,  indicate 
the  same  thing;  these  particulars  also  point  out  the  mode  of  its 
expansion.  For  all  things  whatever,  which  live  in  the  body 
irom  the  blood  and  from  the  spirit  of  the  blood,  breathe  and  are 
moved  in  alternate  times ;  rest  and  inertia  are  their  final  con- 
dition. Still,  the  gland  does  not  seem  to  be  moved  by  an 
active  principle,  like  the  cerebrum  and  cerebellum,  that  is,  by 
a  certain  cortex  or  cineritiuus  substance.  For  it  is  outside  the 
brain,  and  receives  its  fibre  from  thence,  percliance  also  from  the 
branch  of  some  nerve,  and  it  does  not  create  its  own  fibre.  It 
receives  also  some  delicate  arterial  shoots  from  the  carotid  and 
the  rete  mirabile,  whence,  as  everywhere  in  the  body,  there  is 
born  and  produced  a  muscular  or  motory  fibre,  which  consti- 
tutes the  greater  part  of  its  appendage,^  and  also  some  portion 
of  the  gland  itself,  and  stiis  its  body  into  its  own  diminutive 
little  motions.  This  motion  of  the  gland  coincides  with  the 
times  of  motion  of  the  cerebrum,  cerrebellum,  and  medulla 
oblongata,  so  that  its  movements  of  expansion  and  constriction 
are  synchronous  with  theirs.  For  when  the  infundibulum  is 
erected,  and  its  process,  the  fibre  of  which  ramifies  through  the 
body  of  the  gland,  is  thus  on  a  stretch,  the  gland  itself  is 
contracted,  and  admits  into  its  motory  fibre  arterial  blood,  and 
into  its  parietal  interstices  the  serous  humour  flowing  in  from 

*  Concorning  the  inuacnUr  fibre-cells,  generated  in  the  posterior  lobe  of  tb« 
pituit&ry  glaud,  we  Note  vi.,  uo.  7. — Kditoo, 
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the  infundibulum,  even  as  is  the  cose  in  each  of  the  muscles 
of  the  body.  The  gland  thus  enters  upon  its  systaltic  motion 
when  the  brain  has  its  systole,  or  when  the  ventricles  overhead 
have  their  diastole;  and  \ni:e  vevaa.^ 

o9o.  That  the  pituitary  gland  receives  three  kinds  of  liquids, 
and,  further,  that  it  receives  genuine  animal  spirit  from  the 
brain,  through  tho  very  fibres,  I  believe,  has  been  shown  by 
what  has  been  stated  above  respecting  the  fibre  of  the  infundi- 
bnluoL  For  this  libre  is  abundant  in  its  tumid  belly,  but 
presently  is  contracted  into  a  slender  beak  or  process,  and  then 
again  it  becomes  diffused  through  the  pituitary  gland,  scarcely 
otherwise  than  the  medulla  of  the  cerebellum  is  Hrst  collected 
into  a  peduncle,  and  then  again  divides  into  processes,  and  is 
diffused  through  the  central  ganglia,  the  corpora  striata,  and 
the  optic  thalami,  and  afterwards  through  the  ample  viscera  of 
the  body.  That  fibre  oi  the  intundibulum,  which  is  gathered 
together  in  its  prowss,  and  afterwards  dispersed  through  the 
gland,  does  nob  again  pass  out  of  it,  but  terminates  there, 
and  deposits  the  spirit  which  it  has  brought  thither.  This 
fibre,  from  a  certain  point  in  the  centre  of  the  surface  of  the 
gland,  where  the  beak-shaped  process  of  the  infuudibulum  is 
inserted  into  it,  is  continued  throughout  its  whole  extent,  and 
also  throughout  its  appendage  or  posterior  lobe,  where  the 
delicate  muscular  fibre  commences.  Here  it  pours  out  that 
myfiterious  essence  which  it  has  brought  thither  from  the 
substances  of  the  cortex  of  the  brain,  and  indeed  into  the  blood 
of  the  little  arteries  which,  taken  together,  form  a  muscle.  All 
the  fibre  in  the  b<:>dy  also  lapses  into  arteries  and  veins,  and 
breathes  into  them  its  spirituous  alkahest.  This  most  liquid 
animal  essence,  which  is  born  in  the  cortex  of  the  brain,  and  is 
conveyed  by  the  fibre  alone,  is  hence  discharged  nowhere  else 
than  in  its  own  termini  or  ultimate  asylums ;  and  hence  nowhere 
el«e  tliau  in  tho  outermost  parts  and  circumferences  oi  the 
pituitary  gland,  where   the   muscular  fibre  and  an   abundant 

'  The  motiou  c/f  tbe  pituitary  gland  ia  disuus»ed   in  the  Ught  of  moiicru 
•cieiio«ia  tli«  Ap|>endix  tu  the  pruiient  volume,  in  Note  vi.,  uoa.  5-12. — Kl>n'OK. 
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artery  reigTi.     This,  however,  takes  place  when  the  g'and  con- 
tracts the  motory  fibre,  or  the  latter  the  gland.' 

596.  Besides  this  spirit  infused  by  the  fibres  themselves,  a 
kind  of  fluid  of  a  middle  quality  [the  animal  spirit  wedded  to  a 
refined  serum  of  the  choroid  plexuses]  is  likewise  conveyed 
thither.  This  fluid  permeates  the  interstices  and  retiform 
plexuses  of  tho  fibres,  and  is  similar  to  that  liquid  which  is 
frequently  met  with  in  the  pores  and  clefts  of  the  brain,  and 
which,  when  exposed  by  chemists  to  a  gentle  heat,  is  said  to 
evaporate  completely  without  leaving  any  residuum  behind. 
That  this  liqui  I  is  received  by  the  spongy  and  porous  body  of 
the  infuudibulum,  or  that  it  collects  between  its  fibres,  and 
through  its  beak-ahaped  process  likewise  flows  down  into  the 
gland,  has  been  maintained  above.  This  liquid  cannot  be 
instilled  inimediHtely  into  the  arteries,  or  into  the  blood  of  the 
least  arteries  of  the  gland,  like  the  fonner  liquid ;  but  because 
it  percolates  between  and  around  the  fibres,  it  must  needs 
descend  into  the  cavities  and  follicles  of  the  very  gland.  Fur 
that  which  presses  upon  the  interstices  between  the  fibrem, 
raust  necessarily  be  discharged  into  the  clefts  which  are  caused 
by  these  interstices  themselves,  or  into  that  larger  interstice 
which  is  common  to  all.  This  also  is  confirmed  by  the  very 
texture  of  the  gland,  which,  in  this  respect  also,  is  a  model  of  tlie 
glands  of  the  body,  for  it  abounds  with  innumerable  follicles, 
and,  in  mldition,  has  a  certain  larger  cavity,  which  it  shares  also 
with  its  appendage.  Diligent  scientific  explorers  have  not  only 
discovered  that  such  is  really  the  case,  but  they  have  also 
accurately  sketched  and  measured  the  cavity  itself.^  The  liquid 
contained  in  this  cavity,  according  to  the  statements  of  those 
that  describe  it,  is  of  the  same  quality  as  the  lymph  of  the 
brain ;  namely,  it  is  limpid,  fluid  and  pellucid,  and  thus  it  ia 

'  Th«  nimle  in  which  the  nitimnl  spirit,  the  tliiid  tif  the  lir»t  onlcr,  ia  infuiunl 
into  tho  pituitary  ghtnd  ia  esitintineil  iu  the  light  of  moileru  scicuue  tu  Nolo 
vi.,  no*.  U,  1*2.— EuiTOR, 

^  Tho  result  uf  I'ureinusclikn'ii  investigaltonii  i»U)  th«  cUanuitcr  of  the 
ceutrnl  ruvity  nf  tl)»  pitiiitiir)' ^lutul  will  tin  futind  in  Nntu  vi.,  tio.  17}  Uul 
the  ri'?iiilL  of  Srt]mliiii'H  oxpi?iiniPiitti  in  Not*)  \x-.  iiu.  'JO.— h'-DiTOK. 
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»t  inconspicuous  and  volatilo  like  the  most  refined  liquid  of 
le  fibres  themselves.  Whether  the  secretion  of  the  little 
rteries  which  are  very  plentiful  in  the  texture  of  the  gland  is 
added  to  the  volume  of  the  lymph  miiy  be  inferred,  but 
)t  asserted  with  certainty.  This  kind  of  lymph  we  call  the 
liquid  or  fluid  of  a  middle  nature,  for  there  is  the  spirituous 
essence  [the  animal  spiiit],  the  liquidity  of  which  is  acknow- 
^^j^ged  by  all ;  there  is,  further,  an  elementary  lymph  or  a 
^Hommon  water ;  and  there  is  a  lymph  which,  upon  being  mixed 
^Hr  married  to  the  first  essence,  constitutes  the  liquid  of  a  middle 
^Bature.^  [Of  this  (piality  is  the  liquid  which  distils  from  the 
^^bioroid  plexuses  into  the  lateral  veutricles]. 
^0  5D7.  It  has  been  proved  above  that  the  pituitary  gland 
admits  into  its  organism  also  a  grosser,  serous  fluid,  namely, 
ne  which  is  unable  to  pass  through  the  delicate  network  of  the 
[bres,  and  which  also  trickles  down  from  the  infundibulum, 
dlowiog  the  course  of  its  membranous  productions.  The 
kd,  however,  does  not  oj>en  its  interior  recesses  for  the 
»ception  of  this  fluid,  but  rejects  it  between  itself  and  the 
rails  of  the  sella,  that  is,  above,  around  and  below  itself,  thus 
>parating  it  by  the  whole  of  its  own  ho*\y  from  the  two  purer 
[uid  essences.  The  records  of  experience,  indeed,  declare  that 
jjocted  humours  of  a  nature  similar  tn  that  of  the  serous  fluids 
lemsclves  have  poured  dowu  over  the  gland  itself,  not  a  particle 
them  entering  into  the  interiors  of  the  gland  ;  further,  that  the 
land  is  bathed  with  the  perennial  stream  of  a  humour  which  at 
appears  like  blood,  in  which  it  seems  to  float ;  and,  Hnally. 
not  even  a  dew  can  be  expressed  through  the  membrane  or 
itegumeut  of  the  gland,  no  matter  how  much  it  may  be  squeezed 
compressed ;  whereby  it  is  proved  that  there  is  no  passage  from 
rinteriors  of  the  gland  iuto  its  exteriors.  Thence  it  follows 
the  liquids,  which  are  separated  in  the  infundibulum,  are 
lived  by  the  gland  in  separate  compartments,  and,  indeed. 


'  The  mode  in  which  **the  fluid  of  ft  middle  imtore"— the  fluid  of  the 
.nnil  order— 18  rucvivwl  by  tUe  pituitary  glaud  ia  examined  in  tU«  light  of 
bcicncc  in  Nut«  vi.,  nos.  IS'JO.— EbiTua. 
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during  the  moments  of  its  constriction,  for  then  the  gland  is 
coutracted,  aud  raises  itself  a  little,  its  appendage — the  posterior 
lobe — likewise  becoming  erect  in  its  fossa.  Thus  the  gland  re- 
moves itself  from  the  wall,  and  thu  membranous  coating  of  the  roof 
becomes  slack;  indeed,  since  the  cerebrum  and  the  cerebellum 
are  then  constricted  as  well,  their  productions  are  relaxed  down  to 
this  centre  ;  wherefore  every  fold  and  cleft  gapes  open,  and  admits 
the  shower  from  the  infundibulum  above  and  around  the  gland.' 
508.  But  as  this  celebrated  gland  receives  these  various 
kinds  of  liquids  distinctly,  so  also  it  sends  them  forth  and  ex- 
cretes them  distinctly.  It  accordingly  discharges  the  first 
purest  or  spirituous  Huid  into  its  own  little  sinuses,  namely,  the 
[inferior]  transverse  aud  the  [superior]  circular,  or,  as  it  is  called 
by  some,  the  oval  sinus,  for  these  sinuses  are  nearest  and  at 
hand.  The  inferior  transverse  sinus  of  Littre,  like  a  sector  or 
falcated  arc,  passes  through  the  broad  concavity  of  the  sella, 
below  the  wider  diameter  of  the  gland;  the  [superior] -circular 
sinus  of  Ridley  encircles  it  on  top  like  a  crown.  Both  sinuses 
are  in  a  certain  duplicature  of  the  dura  mater  which  is  stretched 
over  and  cast  around  the  glaud,  aud  both  have  been  seen, 
described^  delineated  and  con&-med  by  the  most  experienced 
anatomists."  These  sinuses  also  are  most  delicate^  and  adapted 
to  the  nature  of  this  fluid,  and  to  its  swiftest  dight.  and  hence 
are  born  and  created  for  the  reception  of  such  a  spirituous  and 
virginal  blood.  The  blood  itself,  also,  is  of  a  palish,  flesh-coloured 
aud  yellowish  hue.  Venous  capillaries,  springing  forth  from  the 
gland  itself,  likewise  pass  out  and  in  by  way  of  the  membranous 
covering  of  the  gland,  just  as  on  the  opposite  side  of  the  cranium 
do  the  veins  of  the  sinuses  of  the  falx  cerebri ;  and  by  reason  of 
the  fore-mentioned  causes  they  cannot  help  frequently  e.scapiug 
the  sight  Still  it  is  a  fact,  proved  by  experience,  tliat  numberless 
venous  threads  run  across  here.     Experience  also  further  induces 

*  The  reception  of  the  gru»«er  •erum—the  fluW  of  th«  third  onJor— by  tbo 
pituitary  gland,  aud  itti  ditfclinr^c  ihcncc.  U  considered  in  the  light  of  modern 
•ihviicv  Lu  \ote  vi.,  nos.  24-20. — KuiTou. 

^  Crtiicerning  the  discharge  of  ibe  fluid  of  tlic  firat  order  from  the  pitulUry 
y;Uud,  see  Note  vi.|  oo.  10. — EuilOR. 
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us  to  bclicvo  that  the  spirit  of  the  fibrea,  that  is,  the  animal  spirit 
married  to  the  purer  blood,  betakes  itself,  first  of  all.  into  the 
8inu5ie.s  which  are  proper  to  the  gland  Whither  it  is  discharged 
afterwards  will  be  pointed  out  in  the  following  chapters. 

599.  The  second  kind  of  liquid  which  is  collected  in  the 
cavities  and  follicles  of  the  gland,  and  which  at  each  alternate 
perioil  of  constriction  and  expansion  is  tossed  to  and  fro  like  a 
fluctuating  and  harrassed  wave,  has  also  allotted  to  it  its  separate 
passages  distinct  from  the  rest.  Wherever  any  lymph  is  kept 
enclosed,  there  also  must  necessarily  be  emissary  ducts  and 
outlets;  otherwise  it  would  become  stagnant,  and  would  be 
Mimed  into  a  putrid,  yellow  or  solid  mass,  and  the  moveable 
little  body  would  be  deprived  at  once  of  all  power  of  action, 
and  of  the  use  of  life.  A  great  number  of  threads,  muscular 
cords  and  shining  white  ducts,  however,  are  extended  between 
the  gland  and  the  walls  of  the  sella.  Apertures  may  be  noticed 
in  the  bottom  when  laid  bare — but  these  are  sometimes 
obliterated — which  are  called  lympheducts,  and  when  water 
is  injected  into  them  it  j>enetrates  into  the  jugular  veins.  Such 
ft  power  of  penetration  corresponds  to  the  quality  and  the 
abundant  quantity  of  this  tiuid.  This  species  of  liquid,  there- 
fore, is  discharged  through  an  osseous  way,  while  the  former 
is  sent  off  by  a  membranous  path  through  the  dura  mater.' 

GOO.  The  third  kind,  also,  or  the  circumfluous  serum  in  which 
the  gland  is  said  to  float  constantly,  does  not  mingle  with  the 
other  more  defecated  liquids,  but  is  expelled  into  the  cavernous 
sinuses  through  its  own  proper  foramina;  namely,  the  duplicaturc 
of  tne  dura  mater.  For  the  farthest  production  of  the  tentorium, 
and  the  dura  mater  with  which  the  cranium  is  lined,  that  is, 
each  of  its  laminan,  contribute  to  the  formation  of  this  little 
cave  and  courh  for  the  gland;  and  while  climbing  over  its 
upper  extremities,  on  either  side,  as  well  as  behind,  these  laminae 
are  duplicated  in  a  remarkiible  manner.     On  the  leii  aud  right 


'  Tho  dUcbarge  of  the  fluid  of  the  leooiiil  order  tliroagh  lympheducts  In 
ibn  ii|>h«noid  and  oocipitnl  hnanti  i»  dUctistwd  In  the  light  of  modern  eoieitoe 
In  Not«  vi.,  DO*.  15,  lU,  and  3S-iU.— KoiTou. 
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the  carotid  artery  is  closely  attached  to  the  gland  ;  there  also  is 
a  more  depressed  valley,  as  well  as  behind  in  the  sella — which 
receptacleti  are  called  the  caveruous  sinuses.  Between  this 
aggregation  of  valleys  and  the  cavity  of  the  sella,  the  dura 
mater,  as  said  above.  Is  duplicated.  If  we  follow  nature  as  our 
guide,  we  must  look  nowhere  else  than  here  for  the  emissary 
ducts  or  outlets  of  the  serum  which  bather  the  gland;  and, 
indeed,  behind,  where  the  cavernous  sinuses  meet,  for  these 
places  are  always  found  moist  or  bedewed.  The  gland  also  is 
anteriorly  fastened  to  the  process  of  the  iofuudibulum.  and  when 
it  swells  in  that  direction  in  its  own  cavity,  it  fills  the  same 
entirely  with  its  body  and  convexity.  With  a  sufficient  force, 
which  sometimes  overcomes  the  weight  of  its  mass,  it  presses 
upon  the  humour  with  which  it  is  surrounded,  and  displaces 
and  expels  it  through  the  duplicature  in  that  part.  The  gland 
acts  within,  and  at  the  same  time  the  humour  with  which  it  is 
encompassed  at  the  sides  and  below,  and  outside  the  two  carotid 
arteries  also  act ;  they  raise  themselves  at  the  same  time,  aud 
drawapart  the  intermediate  duplicature;  assistance  is  alsoatforded 
by  little  bands  or  ligaments  on  the  pare  of  the  cavernous  sinuses, 
of  which  we  shall  treat  below.  The  appendage  [posterior  lobe] 
of  the  gland  also  swells  at  the  same  time  and  fills  up  ita  little 
fossa.  All  anatomists  agree  that  there  is  some  communication 
between  the  cavity  of  the  sella  and  the  neighbouring  cavernous 
sinuses,  but  they  dispute  concerning  the  modo  of  communica- 
tion. Some  insist  that  it  exists  in  the  anterior  part;  while 
others  doubt  and  deny  it,  because  the  dura  mater  is  not  dupH- 
cated  there.  Others  maintain  that  the  point  of  communication 
is  at  the  sides  under  the  carotid  arteries,  yet  that  way  is  said 
to  be  closely  shut  up.  Others  again  declare  that  the  communi- 
cation exists  at  the  very  bottom,  aud  that  thence,  through  blind 
I)assnges.  there  is  a  discharge  into  the  caverns,  or  into  other 
places ;  still  the  Ixtttom,  together  with  the  whole  cavity  of  the 
sella,  is  lined  with  dui-a  mater.  This  disagreement,  however.  i« 
reconciled,  when  it  is  admitted  that  the  hum(MLr  bursts  out  in 
the  back  where  the   cavernous  sinuses  meet,  and  whore   the 
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duplicature  is  pulled  apart  for  the  reasous  stated  above.  The 
clefts  or  gaps  in  that  part  have  not  yet  been  sufHciently 
examined;  for  when  the  ceiling  or  covering  of  the  gland  is 
thence  removed  at  the  outset,  everything  which  affords  a  passage 
is  removed  at  the  same  time.  Yet  so  long  as  experience  haa  not 
explored  whether  there  is  a  passage  there  or  not,  the  mere 
rationale,  based  on  connections  and  motions,  is  insufficient  to 
establish  this,  utilesa  it  be  supported  by  experience.^  This, 
however,  we  may  take  for  granted,  that  unless,  somewhere 
about  the  edges  of  the  sella,  some  ducts  aro  open,  through  which 
a  passage  b  afforded  into  the  circumjacent  sinuses,  the  gland, 
with  the  humour  poured  arouud  it,  would  at  once  stop  its 
periodical  intumescence,  and,  deprived  of  the  power  of  actiug, 
would  grow  torpid  in  its  stagnant  stream ;  every  approach  from 
the  Tcniricles  through  the  infundibulum  would  also  be  closed 
up.  and  it  would  be  all  over  with  that  grand  laboratory  of  the 
cerebrum.  All  three  liquids  are  discharged  during  the  period  of 
the  expansion  of  the  gland.  Its  very  follicles,  also,  or  its  interior 
cavities,  are  then  opened,  just  as  are  the  ventricles,  when  the 
brain  is  constricted ;  on  which  subject  we  have  treated  above. 

601.  The  gluud  receives  in  distinct  meeting-places  those 
essential  juices  which  are  commingled  in  the  ventricles,  and 
afterwards  separated  in  the  infundibulum,  and  by  distinct  ways  it 
again  discharges  them.  The  most  intimate  art  of  animal  nature 
consists  in  combining  and  sepai'ating  its  liquids  and  essences. 
By  this  means  it  can  so  often  depart  and  return,  as  it  were,  from 
itpirit  into  body,  and  from  body  into  spirit,  and  live  in  each 
distinctly,  and  yet  at  the  same  time  conjointly ;  otherwise  it 
could  nut  por(>etuate  a  gyre  or  circle  through  blood-vessels  iuto 
fibres^  and  from  fibres  into  vessels,  which  gyre  we  call  the  circle 
of  life.  Neither  would  it  have  anything  to  impart  distinctly 
to  so  many  various  juices  of  the  animal  body,  nor  anything  to 
separate,  and  cast  off  as  vile  and  useless  to  its  uses ;  but  the 

'  The  icxperienco  ftdvauced  by  science  in  favour  of  the  existrace  of  « 
poBteriur  recciilnclo  m  tho  «clla  tiircic*  ii  coUeoted  and  diacuned  in  Koto 
vi,,  no.  27.— KuriOB. 
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ocean  of  liquids  and  of  terrestrial  particles  would  clog  up  and  blunt 
the  activitioB  of  the  spirits,  and  the  spirits  arriving  in  abundance, 
as  soon  as  they  should  iinmerge  into  earthly  particles,  would 
perish  like  shipwrecked  mariners,  and  thus  would  be  powerless 
to  actuate  life,  and  to  institute  the  various  kinds  of  intercourse, 
002.  The  small  size  of  the  gland,  and  the  slenderness  of  the 
ducts,  are  no  obstacle,  for  the  whole  of  nature  is  expended  upon  its 
measures  and  ratios,  that  is,  upon  the  harmonies  and  correspond- 
ences of  active  with  passive  forces,  or  of  fluids  with  their  organs. 
A  fluid  so  very  pure,  that  is,  the  most  fluid  essence  of  nature, 
such  OS  tho  animal  spirit  which  flashes  through  inconspicuous 
flbres,  and  also  a  lymph  of  such  consummate  purity  as  flows 
through  the  reticular  tissues  and  interstices  of  the  fibres,  do 
not  require  a  body  of  a  larger  size  than  the  gland,  nor  do  they 
require  more  conspicuous  ducts  than  are  those  of  vascular  capil- 
laries. The  purity  and  swiftness  of  these  fluids  make  up  a  quan- 
tity which  is  immense,  and  which  is  sutTicieut  for  their  purposes. 
For  the  more  sluggish  and  grosser  lymphs,  whfch  act  simply  by 
gravity  and  by  the  shape  of  their  particles,  canals  have  to  bo  con- 
structed of  a  diameter  a  thousand  timi?s  larger  than  are  required 
for  the  above  fluids,  tho  measure  of  a  line  in  the  latter  case 
being  equivalent  to  that  of  a  finger  in  the  former.  Both 
pnu^tical  experience  antl  theory  teach  this ;  who,  for  instance, 
wuuld  believe  that  through  a  most  slender  lymphatic  duct, 
consistiusf  of  the  thinnest  membrane,  and  most  irregular  in 
size,  the  greater  part  of  the  chyle  is  furnished  to  tho  blood,  and 
almost  as  many  fa?ce9  as  are  daily  excreted  by  the  urt»ters  and 
bludd-'r  ?  The  same  is  tho  caso  overy whore  in  the  body,  tho  more 
recapitulation  of  which  wonld  be  prolix  and  tedious.  A  trans- 
flux  or  passage  must  not  be  denied  because  of  the  small  sLzti  of 
a  duct,  or  because  a  probe  and  iuk  cannot  ponctrate  through  it. 
and  it  must  not,  on  that  account,  be  excluded,  as  it  were,  froiu 
the  circle  of  experienco.  Liquids  do  not  become  stagnated  in 
the  smallest  insects,  in  chrysalides,  caterpillars,  moths,  nor  in 
still  smaller  insects  which  escape  the  siglit,  and  thousands  of 
which  represent  one  moveable  jmrticle ;  their  arteries  and  veiua^ 
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ndthout  mentioning  their  fibres,  are  not  on  that  account  imper- 
vions,  because  they  cannot  be  inflated  by  the  blast  of  a  little 
s\Tinge ;  and  yet  all  of  these  creatures  have  brains,  little  hearts, 
pulmouary  follicles  and  tubes,  stomachs,  intestines,  genital 
membors,  with  muscles  and  glands  in  each.  Nature,  however, 
acts  more  perfectly,  more  distinctly,  and  with  a  greater  certainty 
in  them,  than  in  bodies  of  greater  bulk.  For  when  nature  is 
in  its  purer  spheres,  or  when  it  is  nearer  to  them,  it  is  fully  in 
itself,  and  in  its  own  principles ;  but  it  is  more  remote  froin^  and, 
as  it  were,  outside  of  itself,  and  in  its  circumfenmccs,  when  it  is 
in  it«  grosser  spheres,  and  in  the  composite  or  ultimate  sub- 
stances of  the  world,  that  is,  within  the  sphere  of  the  senses. 
How  distant  the  naked  sight  is  ever  from  the  ultimate  particles 
of  the  world,  and  how  blunt  and  obtuse  its  sharpness  is,  sight 
itself  has  taught  us,  when  the  art  of  the  opticians  showed  it 
how  to  arm  itself  with  microscopes.  Where  the  eye  before  saw 
o&ly  a  simple  or  shady  point,  aud  where  before  it  was  unable  to 
fix  a  single  ray  of  vision  in  any  of  its  parts,  aflcrwards  when  it 
waa  armed  with  the  lens  of  the  microscope,  it  discovered  there 
myriads  of  lilamonts  and  connective  elements ;  and  yet  the  eye 
still  cleaves  to  the  surface,  and  acknowledges  that  there  are 
many  things  which  escape  its  vision  and  are  hidden  from  it. 
Tbeae  things  appear  the  more  indistinct,  the  purer  and  the 
more  distinct  they  are.  How  much  does  not  appear  small  and 
obscure  to  the  external  sense  in  the  pituitary  gland,  which  is 
organized  of  so  many  myriads  of  filaments,  and  furnished  with 
BO  many  motory  powers,  and  in  addition  is  interpolated  with 
fbUicles '  And  yet  all  this  appears  of  a  large  size  and  distinct  to 
the  same  sense  when  armed  with  the  microscope !  This  gland, 
howvvcr,  is  very  large  and  most  distinct,  that  is,  it  is  quite 
sufliciont  and  accommodated  to  the  functions  which  it  has  to 
fulfil,  and  if  we  examine  it  in  all  its  parts,  and  raise  ourselves 
a  little  above  our  senses,  we  shall  see  that  its  own  capacity 
or  sise  answers  completely,  and  is  pro]>ortiouate,  to  the  size 
of  tbc  beak  or  process  of  the  infiindibidum  as  aa  excretory 
passage. 


APPENDIX  TO   CHAPTER  XIX, 

AN  EARLIER  ANALYSIS  OP  THE  PITUITARY  GLAND.' 

G02a.  Argument — ^Through  the  process  of  the  infiindibuhira 
the  pituitaiy  gland  receivos  in  tho  vesicles  of  its  body  a  spiritu- 
ous lymph,  and  transmits  it  partly  into  the  inferior  transverse 
and  superior  circular  sinuses,  and  thence  into  the  superior 
petrosal  sinuses,  partly,  also,  it  dispatches  it  through  foramina  of 
the  sphenoid  bone  into  the  lateral  sinuses,  adding  thereto  a 
quantity  of  lymph  expressed  from  its  little  arteries.  The  second 
or  serous  fluid,  which  is  admitted  into  the  surface  of  the  gland 
and  around  its  sides,  it  discharges  partly  into  the  inferior  pet- 
rosal sinuses,  and  partly  into  the  cavernous  sinuses  themselves, 
in  order  that  there  it  may  be  absorbed  by  the  mouths  of 
Veins.  This  it  effects  through  its  alternate  expausion  and  con- 
striction, which  is  accomplished  by  a  muscular  force,  and  which 
coincides  altogether  with  the  periods  of  expansion  and  constric- 
tion of  the  brain.  Consequently,  this  gland  expends  its  whole 
action,  both  in  its  interiors  and  on  its  surface,  on  tho  reception 
and  transmission  of  liquids,  and  to  some  extent  on  their  secre- 
tion, with  a  difference,  however,  in  animals,  so  that  it  deserves 
to  be  called  the  arch-gland. 

602i>.  Through  the  process  of  Ute  xnfandihxdwm  the  pUui- 
tary  gland  receives,  in  the  vehicles  of  its  body,  a  tq>iriiuo\is 
lymph,  as  has  been  shown  in  the  chapter  of  the  Infundibulum. 
This,  also,  is  coufinned  by  the  anatomy  uf  tlio  gland  itself  For, 
according  to  Willis,  the  medullary  substance  is  continued 
through  its  middle,  and  ramifies  thecca  This  ratnitication 
appears  when  the  gland  is  squeezed  with  the  fingers ;  for,  then, 
according  to  Morgagni^a  white  substance,  under  the  appearance 


^  From  Codex  05,  Pbotolithograpbed  M3S.,  Vol  IV. 
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pf  a  kind  of  liquid,  is  urged,  as  it  were,  towards  the  outlet     The 

[vesicles  in  its  anterior  lobe  are  smaller,  and   they  are  larger 

fin  its  appendage  or  posterior  lobe,  while  there  is  a  large  cleft  or 

[follicle  in  the  middle,  as  reported  hy  Littre.     The  gland,  coiise- 

[uently,  imbibes  a  spirituous  lymph  which  it  transfers  into  ita 

iresicles,  scarcely  otherwise  than  is  done  by  the  glands  of  the 

iicscntery  and  moat  other  glands  which  propel  and  direct  a 

^lymph  from  the  various  viscera  into  the  thoracic  duct  and  the 

•ptaculum   chyli.     These  glands   are   vesicular  in    a    like 

lanner,  and  whether  they  secrete  or  excrete,  or  whether  they 

imply  transmit  what  is  corninited  to  them,  no  one  objects  to 

their  being  called  glands.     8uch  glands  ore  reqnirod  when  on 

le  opposite  side  there  is  either  a  lynipheduct,  or  an  artery,  or  a 

rein,  which  receive  the  liquid  that  had  been  accepted,  and  which 

transmitted  by  the  gland  at  such  moments  when  the  desired 

[uantity  is  required. 

002c.  And   the  gland    traiwmita   this    spirituous    lymph 

wily   into   the   inferior   ti^ansverae  and  superior  circul'<ir 

'TitutfH ;   on    which   subject  consult  Littre,  Ridley,  Morgagni, 

id  the  rest  of  the  authors  quoted.     Whether  these  vessels  be 

dnuses  or  veins,  nevertheless  they  receive  from  the  gland  this 

ibtle  juice,  aa  is  declared  by  the  celebrated  Winslow.     These 

nDuscs  also  occupy  such  a  position,  and  their  connexion  with 

le  gland  is  such  that  they  proximately  receive  this  lymph. 

^or  innumerable  filaments  which  in  appearance  are  nervous  or 

lembraoous,  in  comj»any  with  little    arteries   and    veins,  run 

from  the  body  of  the  gland  into  the  integument  or  mem- 

wherowith  the  cavity  of  the  sella  turcica  is  lined.     Num- 

ins  Utile  veins  also  enter  into  the  inferior  transverse  sinus, 

id    communicate  with    the    superior   circular   or   oval    sinus, 

wording  to  the  description  furnished  by  Littre.     As  these  little 

pnuaes  imbibe  a  palish  kind  of  blood,  or  a  lymph  mixed  with 

renous  blood,  tljey  cannot  always  become  visible.     Sometimes 

leir    capacity  or    diameter    corresponds    altogether    to    the 

liamet^r  of  the  process  of  the  inlundibulum  ;  for  the  diamete^ 

»f  each,  according  to  Littre,  amounts  to  a  line.    Nor  is  a  larger 
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diameter  required  for  such  a  subtle  and  spirituous  lymph, 
by  its  swiftness,  makes  up  for  the  greater  volume  of  the  nther," 
more  sluggish  lymphs.  For,  if  its  purity  and  perfection  indefi- 
nitely, or  to  speak  numerically,  a  thousand  or  ten  thousand 
times  exceeds  that  of  the  other  lymphs,  it  will  also  at  the  same 
rate  surpass  these  lymphs  in  the  ]iower  and  swiftness  of  it^ 
tranaflux,  so  much  so  indeed  that  the  same  quantity  will  flash 
through  a  tubule  one  line  in  diameter  in  the  same  fraction  of 
time  which,  for  a  grosser  or  more  imperfect  lymph,  will  require 
a  canal  ten  or  a  hundred  lines  iu  dianjeter  Such  also  is  the 
case  iu  the  fibres  themselves.  Wherefore  there  is  a  mutual 
correspondence  between  the  volume  and  the  swiftness,  as 
known  from  hydraulics. 

G02tZ.  And  thence  Litis  s^pintuoxts  hjmph  w  (ruii^milted  ii 
the  Huperior  petroHtil  sinu^,  which  is  longer  and  more  slendorl 
than  the  inferior  petrosal  sinua     The  former  of  these  sinuses 
applies  its  mouth  to  the  superior  circular  sinus ;  which  oom- 
muuication  has  also  been   delineated  by  Ridley.     And  in   ii 
description  he  says,  that  the  circular  sinus  passes  thi'ough  thel 
diiplicature  of  the  dura  mator  forwards,  and  also  backwards  and 
sidewards.     "  Vieussens,"  he  adds,  "  it  may  be,  saw  some 
of  this  sinus  where    he    thought    that   the   cavernous  sinusf 
communicated."     Morgagni  says  that  the  circular  sinus,  "with 
its  blood-colour,  shone  through  the  part  of  the  dura  mater  aroun< 
the  upper  circumference  of  the  gland."     The  superior  petrosal 
jliuus  applies  itself  to  the  same  summit,  where   the  superior 
ircular  sinus  chiefly  shows  itself;  namely,  under  that  angle 
which,  according  to   Bianchi.   arises  from   a  meeting  of  the 
productions  of  the  dura  mater.    This  same  petrosal  sinus  als 
by  a  slcuder  trough,  and  through  an  exceedingly  small  orili* 
wliich  sometimes  is  blind,  terminates  constantly  in  the  enlarge 
ment  of  the  lateral  sinusea     All  things  thus  correspond  to  th( 
purity  and  swiftness  of  the  liquid.     Compare  also  the  doscri] 
tion  of  the  above  sinuses  in  Chapter  XX.' 

'  Concerning  the  relation  of  tho  BUpcrior  petrosal  Binniuw  to  the  circular, 
■inaa  of  Ridley^  see  Note  vi.,  oo.  31. 
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602«.  T^ie  spirituous  lyinph  is  aUo  dUpakhed  paiiJy  into 

imtses  thwtufh  fotyimina  of  the  Hphenold  bone,  as 

'ed  through  the  experiments  of  Willis.     For  when 

the  bone  of  the  sella  turcica  is  laid  bare,  or  when  its  covering  of 

lura  mater  is  removed,  chiefly  in  the  caJf,  t'oramina  are  presented 

the  Bi<^ht.  and  when  they  are  injected  the  lit|ui<i  penetrates 

ito  the  lateral  sinuses.     Willis  suspects  that  similar  foramina 

txist  also  in  the  sella  of  the  human  cranium,  and  Yieussens 

lemonstrated  them   by  autopsy ;  although,  he  says,  they  are 

)LHtenited  in  dried  skulls.     He  supposes,  however,  that  they 

•rminate  either  in  the  cavernous  or  in  the  petrosal  sinuses,  and 

tat  they  derive  their  liquid  thither;  this,  however,  he  has  not 

ived  experimentally.     The   existence  of  what   Willis  terms 

lympheducta  "  is  thus  placed  beyond  doubt.     That  the  above- 

lentioued  lymph  of  exquisite  purity  is  carried  away  from  the 

fland  through  foramina  in  the  bottom  of  the  sella,  appears  from 

le  filaments  or  small  membranous  processes,  seemingly  uer- 

fotis.  which  are  continued  from  the  body  of  the  gland  into  the 

lembraue  of  the  parietes.     Of  these  iilanients,  or  processes, 

ieussens  always  observed  two  or  three,  but  Littre  innumerable. 

'hat  similar  processes  emanate  also  from  the  appendage  of  the 

[l&ud  is  scarcely  doubtful,  since  it  is  closely  fastened  to  the 

>ttom  or  to  the  dura  mater  underneath.     Tliat  no  other  essence 

transmitted  through  these  bony  foramina,  except  one  which 

been  admitted  In  the  first  ]»lace  through  the  process  of  the 

ifnndibulum — unless  you  choose  to  add  some  secretion  of  the 

rland  itself — consequently,  an  essence  similar  to  that  which  is 

communicated  to  the  inferior  transverse  and  superior  circu- 

iv  sinuses,  and  thence  to  the  superior  petrosal  sinuses,  ajipears 

im  this  consideration,  that  through  the  same  way  that  essence 

Iso  is  carried  into  the  lateral  sinuses,  and  thence  into  the  same 

terminal  vessela 

The  wisdom  which  nature  displays  in  the  conveyance  of  this 
lymph  appears  plainly  from  this  consideration,  that  it  carries 
awaj  not  by  one,  but  by  several  ways,  even  by  avenues  which 
^re  wrought  into  bone,  and  hence  are  most  safe.    For  wherever 
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MtoK  tnteDdi  a  cooaUat  and  sore  pqgpoae  snd  effect,  as  in  the 
and  afa»  ia  otken^  it  noltip&ei  w\j%  aad  means. 
uliaafw  a  prepoction  beCveea  the  va?B  or  chaimeb 

axkd  the  liquid  whidi  is  to  be  conreTed ;  vherefore,  ia  the  calf 
these  faicanuDa  are  exhibited  to  the  si|^t,  and  thej  are  perrioos 
ngeetioDS,  aa  is  also  the  eaae  with  the  beak  itself  of  the 
ilaiiL     Bat  in  roan  these  feraraina  are  almost  inrisible, 
C3Mvpt  in  firesh  booe,  and  so  abo  are  the  pores  of  the  beaked 
infatidibulaiD.     There  is  also  a  fiuoe  in  this  argument  that  the 
above-mentioDed  Ijmph  flashes  afterwards  through  the  booe  bj 
th«  s/>le  impetus  given  to  it  in  the  gland,  or  is  carried  along  of 
ha  own  accord,  as  it  were,  since  there  is  nothing  in  the  bone  to 
press  and  urge  it  al«ig.  as  is  the  case  vith  veini^  ninwiPB  and 
arteries,  which  are  engirded  by  membranes.    A  reason  also  roar 
be  derived  &om  this  circumstance,  that  these  pniwigy  s  are  in, 
the   sphenoid  bone   and  also  in  the   petroos  portion   of  4^H 
temporal  bone,  which  bones  are  always  tremulous  through  th^^ 
membranes  of  the  eur ;  for  by  the  aid  of  this  tremulousness  the 
spintuoa^  lymph  of  the  gland  will  hasten  into  its  terminal 
vessels,  that  is,  into  the  lateral  sinuses,  with  the  greatest  ease, 
according  to  the  nature  of  its  elasticity.'     Wherefore,  experience 
trstiiics  that  the  blood  is  coDsidcrably  viviiied  by  the  expansion 
and  dilatation  of  the  cerebrum  and  its  cranium,  as  well  as  by 
the  hilarity  of  the  mind,  the  harmony  of  sounds,  and  the  vibra- 
tion of  the  partA  mentioned,  through  laughter  and  other  cfluscs. 
002/  To  ihu  ftpiriixwua  lympii  the  pitiLitary  gland  add«  a 
qwiniity  of  lymph  expressed  fi'om  its  little  aiieries, — This  we 
are  allowed  to  infer  from  this   circumstance,  that  numerous 
arterial  vessels,  departing  from  the  carotids  close  by.  or  a 
springing  from   them   mediately  through   the  rete   mirabiJ 
cliietly  in  animals — enter  into  the  pituitary  gland,  and  wh 
tho  gland  is  dilated  and  compressed  in  alternate  periods, 
follows   that,  just   as  in  other  glands   and  muscles,   there 
expressed  thence  a  lymph,  which  immediately  lays  hold  of  t 

^  Concerning  Die  lyinjihedact*  in  tb«  sphenoid  and  temporal  bon»,  Me  N< 
vi.,  uo«.  18,  19,  Mid  38-40.— EuiToa. 
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volatile  spirituous  fluid,  in  a  manner  bo  as  to  contain  it  within 
its  cells.     That  this  is  the  case  with  a  small  quantity  seems  to 
flow  from  the  fact,  that  arterial  blood  from  the  carotid  of  one 
side  eiiher  passes  over  into  the  carotid  of  the  other  side  through 
the  rete  mirabile  (whether  this  be  situated  outside  or  inside  the 
gland),  or  elae  returns  into  the  carotid  from  which  it  has  started. 
This  will  he  discusspd  in   the  chapter  on  the  rete   mirabile.' 
Meanwhile,  the  fact  that  some  arterial  secretion  is  sprinkled  on 
the  spirituous  lymph  is  evident  from  the  vesicular  substance  of 
the  gland,    and    from   the    circumstance    that    the    vesicles, 
accortliug  to  Littre.  are  smaller  than  in  the  appendage;  on  this 
account   also  the   body,  or  the  anterior  half,  of  the  glund  is 
harder  than  its  appendage,  or  its  posterior  half.     It  is  further 
evident  from  this  circumstance  that  little  veins  apply  them- 
selves to  the  inferior  transverse,  and  superior  circular  sinuses, 
and  that  those,  also,  which  enter  the  substance  of  the  boue, 
communicate  with  the  lateral  sinuses ;  from  which  it  is  rendered 
probable  that  they  coniuiunicate  also  with  the  lympheducts  in 
the   bone,  and   that  everywhere  a  lymph  from   the   blood  is 
poured  on  to  prevent  the  evaporation  of  the  spirituous  essence. 
Moreover,   it  cannot  be   denied    that   that   essence   which, 
after  passing  through  the  pores  of  the  process  of  the  infnndi- 
bulam,  enters   the   inmost   vesicular   substance  of  the   gland 
is  dispatched  abroad   through  the  above-mentioned  channels, 
since  the  whole   ramification  from    the  gland  tends  in  these 
directions,  as  is   also   manifestly  proved  by  experience.     For 
when  the  gland  is  siiucezoil  between  the  fingers  no  litinid  pours 
out    thrtmgh    its    proper    membrane,  according   to    Morgagni's 
experience.     It  is  also  of  considerable  hardness,  and  in  addition 
to  the  membrane  is  enclosed  by  an  arterial  texture.     Neverthe- 
less, it  is  spongy,  and  filled  with  such  a  large  quantity  of  liquid, 
that  there  is  no  more  humid  gland  throughout  the  whole  body, 
according  to  Ridley's  expression.     The  liquid  contained  within 
the  glaud,  owing  to  the  general   resistance  of  the  enclosing 


I 


1  I 
gtan< 


the  aenmi  eKcreted  from  the  urterial  shoot*  in  the  pituitary 
vL,  no«.  22,  2a,— Kditob. 


-"  .,_^_.    lli 

..":.--  :':-<^03 

^.-    :'  w'.iioh 

r  are   rhcir 

':e  cs  [•■:•?<.■  J 

a=:  v.:-iii«  i.-r 

T:«L  a-'i  the 

.  ---  T:.i.-plar, 

-•  •'  -":•■  '^--^ 

T  -  .   i    ..v". 

AN  EARLIER  ANALYSIS. 


123 


there  distils  a  copious  ruoistiire ;  as  from  the  parotid  glands, 
which,  when  they  are  wounded,  flood  the  cheeks,  as  it  were, 
with  a  foaming  torrent.  Wliat,  then,  must  be  the  case  with  the 
pituitary  gland  into  which  there  presses  down  such  a  copious 
mass  of  liquid  from  the  ventricles;  which  gland  is  pulled  in 
(itc  directiousiu  its  sella,  and  which,  at  regular  intervals,  is 
Jtrictcd  and  rela:ccd  by  its  enclofiiug  membranes  and  its  own 
muscular  substimce,  or  which  is  continually  agitated  %  being 
stretched  in  alternate  periods  in  breatlth  and  also  in  length  ? 

602(7.  ^^*^  »€jcond  or  eeraus  jiidd  is  (ulmlited  into  Urn  surface 
of  Uie  ghtiul  and  around  iU  »ide^,  as  has  been  shown  above ; 
namely,  through  the  experiments  of  Vieusseus  and  Kidley,  by 
which  it  is  rendered  manifest  that  not  the  whole  of  the  licjuid, 
which  has  been  injected  into  the  infundibulum,  enters  the  gland 
itself,  but  that  the  grosser  portion  of  it  escapes  over  its  surface. 
On  this  account,  also,  that  grosser  portion  is  kept  back  between 
the  gland  itself  and  the  posterior  and  lateral  walls  of  the  sella- 
Numerous  sanguineous,  membranous,  and,  as  it  were,  nervous 
filaments,  indeed,  intervene  there,  so  that  the  gland  is  filled 
with  a  palish,  reddish,  and  again  with  a  seemingly  sauguincoua 
lymph,  and  that,  according  to  Littrc,  it  seems,  as  it  were,  bathed 
in  it.  Since  this  liquid,  as  proved  by  experience,  cannot  tran- 
sude through  the  membranes,  it  must  needs  flow  down  from  the 
infundibulum  through  its  pipes,  where  its  process  pierces  the 
integument  of  the  gland,  which,  according  to  Ridley  and 
Vieusseus,  consists  of  pia  mater.  And  this  happens  while  this 
process  [that  is.  its  membranous  production]  is  spread  apart  in 
ever}'  direction,  and  the  litjuid  within  the  gland,  by  the  expan- 
sion of  the  same,  is  pushed  (tut  sidewaixis,  and  raises  the  ceiling 
of  the  gland;  this  takes  place  simultaneously  with  the  expan- 
sion of  the  brain.  That  this,  moreover,  takes  place  chiefly  in  the 
direction  of  the  jwsterior  portion  of  the  gland,  may  be  con- 
cluded from  the  oblique  insertion  of  the  process  in  the  direction 
of  its  anterior  portion,  and  likewise  from  the  reciprocal  obliquity 
of  the  position  of  the  gland  itself  in  a  posterior  direction ;  so 
that  when  the  brain  and,  at  the  same  time,  this  glandular  body 
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from  the  lateral  caveraous  receptacles.  Mangot  places  it  beyond 
doubt  that  there  is  here,  under  the  production  or  duplicature  of 
the  dura  mater,  a  communication  between  the  gland  or  between 
the  cavity  of  the  sella  turcica  and  the  cavernous  sinuses;  he 
states  that  "  there  is  a  channel  of  coinmuuication  between  the 
posterior  face  of  the  posterior  clinoid  processes  and  the  produc- 
tion of  tlie  dura  mater  no  less  than  between  the  gland  and  the 
sella,  which  latter  coniiuunication  is  of  the  sauto  kind  as  the 
former."  Morgagni  does  not  disprove  this  statement  by  his  own 
experience,  as  he  does  where  he  states  that  there  is  no  coramuni- 
cation  in  the  lowest  part  of  the  gland,  and  that  iU  appendage, 
or  posterior  lobe,  closely  adheres  to  the  integument  of  its 
fossa  As  to  the  rest,  the  fact  that  there  is  a  communi- 
cation in  tliat  place  seems  to  be  denied  by  most  authors.*  [After 
entering  largely  into  a  discussion  of  the  opinions  set  forth  by 
the  various  anatomists  on  this  subject,  Swedeuborg  continues :] 
This  now  is  the  reason  why  the  experience  of  one  anatomist  is 
contradictory  to  that  of  another,  namely,  the  mind  taken  up  by 
preconceived  ideas,  or  illuminated  simply  by  its  own  discoveries, 
sees  that  which  it  favours  beforehand,  and  it  passes  by  those 
things  which  it  does  not  favour.  This  is  human,  and  occurs 
even  among  the  greatest  lights  of  the  world.  Nevertheless,  if 
the  spirituous  lymph  passes  through  the  inferior  transverse  and 
superior  circular  sinuses  into  the  superior  petrosal  sinuses,  and 
the  remaining  juice,  which  is  urged  into  the  circumference  of 
the  gland,  flows  into  the  cavernous  sinuses,  and  at  the  same 
time  into  the  inferior  petrosal  sinuses,  an  element  of  harmony  is 
introduced  into  these  divergent  views,  and  the  difference  be- 
tween the  results  of  the  various  experiments  is  reconciled. 
Wiaslow  also  settles  this  difference  in  the  same  way;  for  he 
states  that  the  email  circular  sinuses  communicate  with  the 
cavernous  sinuses.  So  long,  however,  as  there  is  this  clash 
anioug  the  opinions  of  tlie  learned,  in  order  to  put  an  end  to  the 
difficulty,  we  must  not  appeal  simply  to  experience,  but  also  to 

1  Con«enuDg  the  poetorior  reccptticle  in  tlie  selU,  bm  Note  vi,,  no.  27.— 

EDlTUft. 
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the  nexus  between  the  various  adjacent  parts,  and  their  alternate 
actiona  .  .  . 

602i'.  77m  ike  gland  efftrtA  through  ita  alternate  eaepans-i&ii 
and  conMHction,  whidi  is  uccompVishrd  Ity  a  muscular  forcf. 
This  19  confirraed  by  the  texture  of  the  gland»  which  in  this 
respect  is  similar  to  that  of  the  remaining  glanils ;  for  they  are 
impelled  to  action  by  muacnlar  fibres  which  are  carried  about  in 
them,  as  appears  plainly  from  Malpighi's  description.  For  the 
production  of  muscular  action  there  is  required  an  influx  of 
arterial  blood,  and  a  reflux  of  arterial  as  well  as  of  venous  blood ; 
further,  there  is  required  a  nerve  with  its  fibres  which  adjoins 
itself  to  the  little  arteries.  Both  are  present  in  the  pituitary 
gland.  Innumerable  vessels  flow  in  from  the  carotid  which  is 
very  close  to  it,  and  stretches  along  its  shorter  side.  All  authors 
confirm  this  except  Willis,  who,  instead  of  using  the  word  "  in- 
numerable," says  "  very  many."  Vieussens,  however,  proved 
experimentally  that  there  is  such  an  arterial  structure  in  all 
human  pituitary  glands.  In  animals,  whose  pituitary  glands 
are  comparatively  larger,  and  which  pour  forth  a  grosser  and, 
at  the  same  time,  a  more  copious  juice,  there  is  added  on  either 
side  the  rcte  mirabile,  and  according  to  Ridley,  also  in  front. 
Thence  little  arteries  enter  into  the  gland ;  and  thither  the  re- 
flux of  blood  takes  place  when  the  gland  contracts  itself  The 
body  of  the  gland  on  that  account  is  quite  reddish,  and  by 
Littre  it  is  called  its  red  portion,  and  is  said  to  be  furnished 
with  fleshy  fibres.*  That  a  few  little  veins  depart  thence  into 
the  membrane  which  holds  the  place  of  a  periosteum,  and  that 
afterwards  they  are  carried  into  the  inferior  and  superior  circu- 
lar sinuses,  and  partly,  also,  into  the  substance  of  the  sphenoid 
bone  in  the  direction  of  the  lateral  sinuses,  has  been  pointed  out 
above,  and  is  also  confirmed  by  the  anatomical  authors.  But  as 
regards  the  nerves,  all  authors  confirm  that  the  pituitary  gland 
is  approached  by  branches  of  the  fifth  and  sixth  pairs.  .  .  . 

Nothing,  consequently,  is  wanting  to  the  proof  that  it  is  a 

1  Conoerntng  tho  arterial  and  v«uoua  vesseli  in  the  pitaitAry  glaad,  &oe 
Kota  vi.,  nos,  6,  0. — Editor. 
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muscular  force  which  rules  the  glaud,  and  that  its  muscular 

texture  surrounds  its  medullary  and  vesicular  substance.     This 

is  affirmed  by  Willis,  who  says  that  the  exteriors  of  the  gland 

are  occupied  by  a  compagcs  of  little  arteries,  and  its  interiors 

by  a  medullary  substance     For  the  gland  is  an  appendage  of 

the   brain;    but    though   through    the  slender    beak   of   the 

infundibulum   it  adheres   to   the  brain,  it  yet   reclines  in  its 

own  cavity  in  such  a  manner  as  to  be  outside  the  braiu,  and 

so  that  it  cannot  be  acted  upon  by  the  animation  of  the  brain  ; 

wherefore,  its  motion  is  caused  mediately  through  an  inflowing 

nerve,  the  little  ganglion  of  which  is  placed  near  the  entrance 

of  the   nerve  into   the  cavernous  sinuses,  so  that  each  time, 

when   this   little   ganglion   compresses   itself,  the    nerve   also 

exerts  a  living  force   upon  all   those   fibres,  and  causes  the 

gland  to  compress  itselfl     Nor  is  the  nerve  of  the  cerebrum  any 

different    in    its   action    when   closer   to   its    beginnings;    for 

near  its  approach  to  the  gland  it  swells  into  a  little  ganglion ; 

it  fortifies  itself  with  a  muscle ;  it  sometimes  places  itself  near 

the  sesamoid  bone,  and  even  as  it   continues  its  ramification 

into  the  glaud,  it  does  so  also  around  the  carotid,   into  the 

inferior  petrosal  sinuses,  into  the  little  arteries  and  veins  of  the 

cavernous  sinuses,  and  into  the  dura  mater.     And  even  if  it 

should  not  extend  its  ramification  immediately  into  the  gland, 

it  does  so  mediately  through  the  carotid  into  whicli  fibres  are 

reflected  from  the  fifth  and  sixth  pairs,  and  from  the  expansile 

force  of  this  artery  there  would  arise  an  equally  living  muscular 

action.     On  this  subject  we  shall  treat  more  at  large  in  the 

chapter  on  the  Rcte  Mirabile.     From  all  of  this  it  follows,  that 

the  nerve  cannot  fail  to  act  upon  the  gland  by  a  living  force, 

and  also  upon  all  the  parts  which  are  around  the  gland,  and 

which  must  contribute  their  share  towards  the  promotion  of  the 

object' 

602/.  Th\»  Tnu.icidar  action  of  Uie  gland  coincides  altoffetlier 

■ivit^i  the  pe7*UHl8  of  expansion  and  constriction  of  the  bt^iin, 

^  Concerning  the  ncrvoua  fibres  which  entor  into  the  pituitary  gWd,  mg 
Note  vi.,  nw.  10.— EbrroB. 


APPENDIX  TO  CHAPTER  XIX. 

AN  EARLIER  ANALYSIS  OP  THE  PITUITARY  GLAPax* 

602(1.  Argument — Through  the  process  of  the  infundibulam 
the  pituitary  gland  receives  iii  the  vesicles  of  its  body  a  spiritu- 
ous lymph,  and  transmits  it  partly  into  the  inferior  transverse 
and  superior  circular  sinuses,  and  thence  into  the  superior 
petrosal  sinuses,  partly,  also,  it  dispatches  it  through  foramina  of 
the  sphenoid  bone  into  the  lateral  sinuses,  adding  thereto  a 
quantity  of  lymph  expressed  from  its  little  arteries.  The  second 
or  serous  fluid,  which  is  admitted  into  the  surface  of  the  gl&nd 
and  around  its  sides,  it  discharges  partly  into  tho  inferior  pet- 
rosal sinuses,  and  partly  into  the  cavernous  sinuses  themselves, 
in  order  that  there  it  may  be  absorbed  by  the  mouths  of 
veins.  This  it  effects  through  it*  alternate  expansion  and  con- 
striction, which  is  accomplished  by  a  muscular  force,  and  which 
coincides  altogether  with  the  i>eriod8  of  expansion  and  constric- 
tion of  the  brain.  Consequently,  this  gland  expends  it«  whole 
action,  both  in  its  interiors  and  on  its  surtace.  on  the  reception 
and  transmission  of  liquids,  and  to  some  extent  on  their  secre- 
tion, with  a  difference,  however,  in  animals,  so  that  it  deserves 
CO  be  called  the  arch-gland 

602h.  TliTiyuqh  the  j>T0C€«8  of  the  ivfundibulum  the  intui- 
tary  gUmd  receivas^  in  the  x^esicUs  of  its  body,  a  trpit'ituotut 
hpnpii,  as  has  been  shown  in  the  chapter  of  the  Infundibulum. 
This,  also,  is  confirmed  by  the  anatomy  of  the  gland  itdel£  For, 
according  to  Willis,  the  medullary  substance  is  continued 
through  it«  middle,  and  ramifies  theuoe.  This  ramificatioa 
appears  when  the  gland  is  squeezed  with  the  fingers ;  for,  then, 
according  to  Morgagm'.a  white  substance,  under  the  appearaocu 

'  Fcvm  Codex  65,  PhotoUthofnpbed  MSS.,  Vol.  IV. 
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of  a  kind  of  liquid,  is  urged,  aa  it  were,  towards  the  outlet  The 
vesicles  in  its  anterior  lobe  are  smaller,  and  they  are  larger 
in  its  appendatre  or  posterior  lube,  while  there  is  a  large  cleft  or 
follicle  in  the  middle,  as  reported  by  Littre.  The  gland,  conse- 
quently, imbibes  a  spirituuus  lymph  which  it  transfers  into  its 
vesicles,  scarcely  otherwise  than  is  done  by  the  glands  of  the 
mesentery  and  most  other  glands  which  propel  and  direct  a 
lymph  from  the  various  viscera  into  the  thoracic  duct  and  the 
receptaculum  chyli.  These  glands  are  vesicular  in  a  like 
manner,  and  whether  they  secrete  or  excrete,  or  whether  they 
simply  transmit  what  is  commited  to  them,  no  one  objects  to 
their  being  called  glands.  Such  glands  are  required  when  on 
the  opposite  side  there  is  either  a  lynipheduct,  or  an  artery,  or  a 
vein,  which  receive  the  liquid  that  had  been  accepted,  and  which 
is  transmitted  by  the  gland  at  such  moments  when  the  desired 
quantity  is  required. 

602c.  Atid  the  gland  tranamtta  this  spirituatta  lymph 
partly  into  il^e  inferior  transverse  and  superior  circular 
simtaea;  on  which  subject  consult  Littre,  Ridley,  Morgagni, 
and  the  rest  of  the  authors  quoted.  Whether  these  vessels  be 
sinuses  or  veins,  nevertheless  they  receive  from  the  gland  this 
subtle  juice,  as  is  declared  by  the  celebrated  Winslow.  These 
sinuses  also  occupy  such  a  i>osition,  and  their  connexion  with 
the  gland  is  such  that  they  proximately  receive  this  lymph. 
For  innumerable  filaments  which  in  appearance  are  nervous  or 
membranous,  in  company  with  little  arteries  and  veins,  run 
acruRS  from  the  btidy  of  the  gland  into  the  integument  or  mem- 
brane wherewith  the  cavity  of  the  sella  turcica  is  lined.  Num- 
erous little  veins  also  enter  into  the  inferior  transverse  sinus, 
and  communicate  with  the  superior  circidar  or  oval  sinus, 
according  to  the  description  furnished  by  Littre.  As  these  little 
sinuses  imbibe  a  palish  kind  of  blood,  or  a  lymph  mixed  with 
venous  blood,  they  cannot  always  become  visible.  Sometimes 
their  capacity  or  diameter  corresponds  altogether  to  the 
diameter  of  the  process  of  the  infundibulum  ;  for  the  diamete^ 
of  each,  according  to  Littre,  amounts  to  a  line.     Nor  is  a  larger 
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diameter  required  for  such  a  subtle  and  spirituous  lymph,  as. 
by  its  awiftuess,  makes  up  for  the  greater  volume  of  the  other, 
more  sluggish  lymphs.  For,  if  its  purity  aud  perfectiou  indefi- 
nitely, or  to  sj)eak  numerically,  a  thousand  or  tea  thousand 
times  exceeds  that  of  the  other  lymphs,  it  will  also  at  the  same 
rate  surpass  these  lymphs  in  the  power  and  swiftness  of  its 
transflux,  so  much  so  indeed  that  the  same  quantity  will  flash 
through  a  tubule  one  line  in  diameter  in  the  same  fraction  of 
time  which,  for  a  grosser  or  more  imperfect  lymph,  will  require 
a  canal  ten  or  a  hundred  lines  in  diameter.  Such  also  is  the 
case  iu  the  fibres  themselvea  Wherefore  there  is  a  mutual 
correspondence  between  the  volume  and  the  swiftness,  as  is 
known  from  hydraulica 

C02(Z.  And  tfience  iliia  spiriiuouB lymph  ie  tran»/)titttd  iiito 
the  tniperior  petroml  sinus,  which  is  longer  and  more  slender 
than  the  inferior  petrosal  sinus.  The  former  of  these  sinuses 
applies  its  mouth  to  the  superior  circular  sinus ;  which  com- 
munication has  also  been  delineated  by  Ridley.  And  in  its 
description  he  says,  that  the  circular  sinus  passes  through  the 
duplicature  of  the  dura  mater  forwards,  and  also  backwards  and 
sidewards.  "  Vieussens,"  he  adds,  "  it  may  be,  saw  some  part 
of  this  sinus  where  he  thought  that  the  cavernous  sinuses 
communicated."  Morgagni  says  that  the  circular  sinus,  "with 
its  blood-colour,  shone  through  the  part  of  the  dura  mater  around 
the  upper  circumference  of  the  gland."  The  superior  petrosal 
sinus  applies  itself  to  the  same  summit,  where  the  superior 
circular  sinus  chicHy  shows  itself;  namely,  under  that  angle 
which,  according  to  Bianchi,  arises  from  a  meeting  of  the 
productions  of  tlie  dura  mater.  This  same  petrosal  sinus  also 
by  a  slender  trough,  and  through  an  exceedingly  small  orifice, 
which  sometimes  is  blind,  terminates  constantly  in  the  enlarge- 
ment of  the  lateral  sinuses.  All  things  thus  correspond  to  the 
purity  and  swiftness  of  the  liquid.  Compare  also  the  descrip- 
tion of  the  above  sinuses  in  Chapter  XX*^ 

'  Coaccrning  the  relation  of  the  BupttHor  ptftroiuU  ainoMB  to  tbe  druuUr 
niaua  of  Ridley,  eec  Kot«  vi.,  do,  31. 
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602r.  Hie  npirituovs  lymph  w  aleo  dispatched  partly  ivfo 
the  latnnl  simis^  through  foramina  of  the  sphenoid  hone,  as 
has  been  proved  through  the  experiments  of  Willis.  For  when 
the  bone  of  the  sella  turcica  is  laid  bare,  or  when  its  covering  of 
dura  mater  is  removed,  chiefly  in  the  calf,  foramina  are  presented 
to  the  sight,  and  when  they  are  injected  the  liquid  penetrates 
into  the  lateral  sinuses.  Willis  su^ects  that  similar  foramina 
exist  also  iu  the  sella  of  the  human  cranium,  and  Vieusseus 
demonstrated  thorn  by  autopsy;  although,  he  says,  they  are 
obliterated  in  dried  skulls.  He  supposes,  however,  that  they 
tenuiiiate  either  in  the  cavernous  or  in  the  petrosal  sinuses,  and 
that  ihey  derive  their  liquid  thither ;  this,  however,  he  has  not 
proved  experimentally.  The  existence  of  what  Willis  terms 
"  lympheducts  "  is  thus  placed  beyond  doubt  That  the  above- 
mentioned  lymph  of  exquisite  purity  is  carried  away  from  the 
gland  through  foramina  iti  the  bottom  of  the  sella,  aiqje^rs  from 
the  filaments  or  small  membranous  processes,  seemingly  ner- 
vous, which  arc  continued  from  the  body  of  the  gland  into  the 
membrane  of  the  parietca.  Of  these  filaments,  or  processes, 
Vieuasens  always  observed  two  or  three,  but  Littre  innumerable. 
That  similar  processes  emanate  also  from  the  appendage  of  the 
gland  is  scarcely  doubtful,  since  it  is  closely  fastened  to  the 
bottom  or  to  the  dura  mater  underneath.  That  no  other  essence 
is  transmitted  through  these  bony  foramina,  except  one  which 
has  been  admitted  in  the  first  place  through  the  process  of  the 
iiifundibulum — unless  you  choose  to  add  some  secretion  of  the 
gland  itself — consequently,  an  essence  similar  to  tliat  whifh  is 
also  communicated  to  the  inferior  transverse  and  superior  circu- 
lar sinuses,  and  thence  to  the  8U}>erior  petrosal  sinuses,  appears 
from  this  consideration,  that  through  the  same  way  that  essence 
also  is  carried  into  the  lateral  sinuses,  and  thence  into  the  same 
terminal  vessels. 

The  wi^om  which  nature  displays  iu  the  conveyance  of  thii 
lymph  appc^ara  plainly  from  this  consideration,  that  it  carries 
it  away  not  by  one,  but  by  several  ways^  even  b}'^  avenues  which 
are  wrought  into  bone,  and  hence  are  most  safe.     For  wherever 
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nature  iutends  a  constant  and  sure  purpose  and  effect,  as  in  the 
present  case  and  also  in  others,  it  multiplies  ways  and  means. 
Nature  also  observes  a  proportion  between  the  ways  or  channels 
and  the  liquid  which  is  to  be  conveyed;  wherefore,  in  the  calf 
these  foramina  are  exhibited  to  the  sight,  and  they  are  pervious 
to  injections,  as  is  also  the  case  with  the  beak  itself  of  the 
infundibulum.  But  in  man  these  foramina  are  almost  invisible, 
except  in  fresh  bone,  and  so  also  are  the  pores  of  the  beaked 
infundibulum.  There  is  also  a  force  in  this  argument  that  the 
above-mentioned  lymph  fiasbes  afterwards  through  the  bone  by 
the  sole  impetus  given  to  it  in  the  gland,  or  is  carried  along  of 
its  own  accord,  as  it  were,  since  there  is  nothing  in  the  bone  to 
press  and  urge  it  along,  as  is  the  case  with  veins,  sinuses  and 
arteries,  which  arc  engirded  by  membranes.  A  reason  also  may 
be  derived  from  this  circumstance,  that  these  passages  are  in 
the  sphenoid  bone  and  also  in  the  petrous  portion  of  the 
temporal  bone,  which  bones  are  always  tremulous  throtigh  the 
membranes  of  the  ear ;  for  by  the  aid  of  this  tremulousnoss  the 
spirituous  lymph  of  the  gland  will  hasten  into  its  terminal 
vessels,  that  is,  into  the  lateral  sinuses,  with  the  greatest  ease, 
according  to  the  nature  of  its  elasticity.*  Wherefore,  experience 
testifies  that  the  blood  is  considerably  vivified  by  the  expansion 
and  dilatation  of  the  cerebrum  and  its  cranium,  as  well  as  by 
the  hilai'ity  of  the  mind,  the  harmony  of  sounds,  and  the  vibra- 
tion of  the  parts  mentioned,  through  laughter  and  other  causes. 
602/  To  this  apiritaous  hjmph  the  pitidt/iry  gland  adds  a 
quantity  of  lymph  exjireased  from  it's  little  arteries. — This  we 
are  allowed  to  infer  from  this  circumstance,  that  numerous 
arterial  vessels,  departing  from  the  carotids  close  by,  or  also 
springing  from  them  mediately  through  the  reto  mirabile — 
chieHy  in  animals — enter  into  ihe  pituitary  gland,  and  when 
the  gland  ia  dilated  and  compressed  in  alternate  p>eriod5,  it 
follows  that,  just  as  in  other  glands  and  muscles,  there  is 
expressed  thence  a  lymph,  which  immediately  lays  bold  of  the 

*  Concerning  the  lympheducts  in  the  Bpheooid  and  temporal  bones,  bov  Nolo 
vi.,  IHN).  IS,  19,  and  38-40.— KiiiTOM. 
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volatile  spintuous  fluid,  iu  a  maaner  so  as  to  contain  it  withiu 
its  cella     That  this  is  the  case  with  a  small  quantity  seems  to 
flow  Prom  the  fact,  that  nrtorial  blood  from  the  carotid  of  ono 
side  either  passes  over  into  the  carotid  of  the  other  side  through 
the  rete  mirabile  (whether  this  bo  situated  outside  or  inside  the 
gland),  or  else  returns  into  the  carotid  from  which  it  has  started. 
Tliis  will  be  discussed  in  the  chapter  on  the  rete  mirabile.* 
Meanwhile,  the  fact  that  some  arterial  secretion  is  sprinkled  on 
the  spirituous  lyraph  is  evident  from  the  vesicular  substance  of 
the   gland,    and    from   the    circumatanco    that    the    vesicles, 
according  to  Littre,  are  smaller  than  in  the  appendage;  on  this 
account  also  the  body,  or  the  anterior  half,  of  the  gland  is 
harder  than  its  appendage,  or  its  posterior  half.     It  is  further 
evident  from  this  circumstance  that  little  veins  apply  them- 
selves to  the  inferior  transverse,  and  superior  circular  sinuses, 
and  that  tliose,  also,  which  enter  the  substance  of  the  bone, 
communicate  with  the  lateral  sinuses ;  from  which  it  is  rendered 
probable  that  they  commtmicate  also  with  the  lynipheducta  in 
the  bone,  and   that  everywhere  a  lymph  from  the   blood  is 
poured  on  to  prevent  the  evaporation  of  the  spirituous  essence. 
Moreover,  it  cannot  be   denied    that   that   essence   which, 
after  passing  through  the  pores  of  the  process  of  the  infundi- 
bulum,  enters   the    inmost   vesicular   substance   of  the   gland 
is   dispatched  abroad    through  the  above-mentioned  channels, 
siQco   the  whole   ramificatinn  from   the  gland  tends  in  these 
directions,  as   is  also   manifestly  proved   by  experience.     For 
when  the  gland  is  squeezed  between  the  fingers  no  liquid  pours 
out   through   its   proper   membrane,  according  to    Morgagni's 
experience.     It  is  also  of  considerable  hardness,  and  in  addition 
to  the  membrane  is  encK^sed  by  an  arterial  texture.     Neverthe- 
less, it  is  8pong>%  and  filled  with  such  a  large  quantity  of  liquid, 
that  there  is  no  more  hutnid  gland  throughout  the  whole  body, 
according  to  Ridley's  expression.     The  liquid  contained  within 
the  gloud,  owing  to  the  general   resistance  of  the  enclosing 

'  Concerning  the  scram  excreted  from  tho  ftrtcriAl  ihootfl  in  the  pituitary 
|^(J,  Ace  Xotc  vi.,  Doa.  22,  23.  — £i>itor. 
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membrane,  cannot  be  discharged  anpvhere  ciso  than  through 
the  appropriate,  visible  little  channels,  which  have  already  been 
treated  of,  and  which,  taken  altcpgether,  have  of  a  greater 
capacity  than  the  deferent  minute  channels  of  the  beak ; 
wherefore^  I  believe,  that  a  peculiar  accretion  of  the  gland  itself 
is  added  to  the  above  lymph  or  spirituons  essenca  But  if  any 
one  does  nut  summon  causes  and  unseen  things  in  aid  to 
experience  and  things  scon,  he  will  not  be  able  to  deal  with 
organs  which  are  subservient  to  mind.  For  the  eyesight  is  so 
gross  and  didl  that  it  must  be  fortified  in  order  to  transcend  but 
little  its  own  sphere.  If  nothing  passes  through  pores  except 
what  the  external  sense  attests,  our  bodily  machine  would  be 
a  mere  stock  devoid  of  spirits.  Liquids  are  not  stagnant  in 
those  iusects  which  often  conceal  the  whole  of  their  little  bodies 
from  the  keenest  vision  of  our  eyes,  and  thousands  of  which 
scarcely  ecjual  one  moveable,  least  i>article.  Nor  are  their 
arteries  and  fibres  impervious,  because  they  cannot  be  exposed 
to  the  sight  by  pipes  or  syringes  adapted  to  their  least  veins  or 
cavities,  through  which  air  or  a  liquid  may  be  injected,  and  the 
vessels  thus  be  expanded.  Nor  do  the  leaves  of  a  lofty  poplar, 
on  the  other  hand,  lack  the  nourishing  juice  supplied  by  the 
root*,  because  the  syringe  or  oauule  is  unable  to  find  a  cleft, 
through  which  an  injected  d3*c  is  able  to  fill  the  fibres  which 
are  continuous  from  the  lowest  part  of  the  ti"ee  even  to  its  top, 
and  which  reach  into  the  very  air,  and,  on  tlie  other  hand,  cjctond 
into  the  minutest  centre  of  the  seed.  And  still  less  would  it  be 
believed  thnt  a  noble  and  ignoble  juice  passes  through  the  very 
rocks.  Through  myriads  of  pores  there  tranajjires  through  every 
poiut  of  our  skin  a  perennial  stream  of  exhalations,  which  in 
large  quantities,  and  charged  with  many  obsolete  substances,  are 
rejected  as  useless  into  the  air  from  the  blood  and  the  vesicles ; 
while  refined  and  more  simple  etJiereal  substances  constantly 
return  through  filters  to  the  fountain-head,  which  experience 
forbids  na  to  deny.  How  much  more  must  this  be  tlie  case  in 
a  congeries  palpable  to  the  sight,  and  which  is  manifestly  moist; 
and  especially  so  in  little  glands,  whence^  after  they  are  agitated. 
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there  distils  a  copious  moisture;  ae  from  the  parotid  glauds, 
which,  when  they  are  wounded,  flood  the  cheeks,  as  it  were, 
with  a  foaming  torrent.  What,  then,  must  be  the  case  with  the 
pituitary  glaud  into  which  there  presses  down  such  a  copious 
mass  of  liquid  from  the  yentricles;  which  gland  is  pulled  in 
opposite  directions  in  its  sella,  and  which,  at  regular  intervals,  is 
constricted  and  relaxed  by  its  enclosing  membranes  and  its  own 
muscular  substance,  or  which  is  coutiuually  agitated  ty  being 
stretched  in  alternate  periods  in  breadth  and  also  in  length  ? 

602//.  T}i€  aecond  ar  eetxmn  fluid  is  admitted  into  the  surface 
of  Ute  ghtnd  and  around,  its  sides,  as  has  been  shown  above; 
namely,  through  the  experiments  of  Meussoiis  aud  Kidley,  by 
which  it  is  rendered  manifest  that  not  the  whole  of  the  liquidi 
which  has  been  injected  into  the  iufundibulura,  enters  the  gland 
ilAolf,  but  that  the  grosser  portion  of  it  escapes  over  its  surface. 
On  this  account,  also,  that  grosser  portion  is  kept  back  between 
the  glaud  itself  and  the  posterior  and  lateral  walls  of  the  sella- 
T*Juiucrou8  sanguineous,  membranous,  and,  as  it  were,  nervous 
filaments,  indeed,  inter\'ene  there,  so  that  the  gland  is  filled 
with  a  palish,  reddish,  and  again  with  a  seemingly  sanguineous 
lymph,  and  that,  according  to  Littre,  it  seems,  as  it  were,  bathed 
in  it.  Since  this  liquid,  as  proved  by  experience,  cannot  tran- 
sude through  the  membranes,  it  must  needs  flow  down  from  the 
infundibulum  through  its  pipes,  where  its  process  pierces  the 
integument  of  the  gland,  which,  according  to  Ridley  aud 
Vieussens,  consists  of  pia  mater.  And  this  happens  while  this 
process  [that  is,  its  membranous  production]  is  spread  apart  in 
every  direction,  and  the  liquid  within  the  glaud,  by  the  exj>an- 
sion  of  the  same,  is  pushed  out  sidewards,  aud  raises  the  ceiling 
of  the  gland  J  this  takes  place  simultaueously  with  the  expan- 
sion of  the  brain.  That  this,  moreover,  takes  place  chiefly  in  the 
direction  of  the  posterior  portion  of  the  gland,  may  be  con- 
cluded from  the  oblique  insertion  of  the  process  in  the  direction 
of  its  anterior  {Mjrtion.and  likewise  from  the  reciprocal  obliquity 
of  the  position  of  the  gland  itself  in  a  posterior  dia*ctiou ;  so 
that  when  the  brain  and,  at  the  same  time,  this  glandular  body 
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expands,  there  must  needs  be  a  certain  divarication  or  spreading 
apart  in  that  particular  place.  Into  that  portion  also,  in  the 
case  of  animals,  there  is  reflected  a  certain  production  from  the 
infundibulum,  which  is  at  the  same  time  inserted  into  the  bone, 
or  into  the  epiphysis  of  the  sella,  as  well  as  into  the  gland  itself, 
and  prevents  the  latter  from  being  injured  by  such  a  spreading 
apart  It,  therefore,  does  not  seem  doubtful  that  a  liquid,  and 
indeed  a  grosser  one,  is  expressed  over  the  surface  of  the  gland, 
since  coloured  injections,  according  to  experiments,  were  able  to 
dye  only  its  surface,  although  Littre  declares  that  they  also 
have  caused  a  swelling  in  the  posterior  lobe.  The  above  liquid, 
namely,  that  with  which  the  surface  of  the  gland  is  bathed,  can- 
not proceed  from  tho  interior  compages  of  the  gland,  since  no 
transudation  takes  place  through  its  membrane,  nor  can  it  be 
secreted  from  the  little  artrrioa  of  the  rtite  mirable,  since  that 
rete  exists  around  the  glands  of  the  human  brain  only  very 
rarely,  and,  nevertheless,  there  is  always  observed  an  abundance 
of  such  a  liquid.  Nor  is  this  an  objection  that  the  covering, 
which  lines  tho  upper  and  compressed  face  of  the  gland,  is,  as  it 
were,  agglutinated  to  it,  since  the  instillation  of  such  a  juice 
from  the  infundibulum  requires  only  pores  or  minute  ducts  con- 
tinued thence,  of  that  kind  indeed  as  have  afforded  a  passage  to 
injections  in  tho  above-mentioned  experiments;  such  ducts  as 
exist  also  in  the  beak  or  process  of  the  infundibulum.  Besides, 
the  membrane  is  not  agglutinated  to  the  gland  at  its  sides 
where  its  plane  figure  passes  over  into  one  which  is  convex. 

602A.  TVtw  serous  juice  the  gland  discharges  into  the  in- 
ferifrr  petrosal  sinuses,  and  p(nily  into  the  cavei^nous  sinuses 
iheniaelves,  namely,  it  discharges  it  in  the  direction  of  that 
posterior  part  of  the  sella,  where  a  quantity  of  it  collects  and 
bathes  the  gland.  This  part  is  between  the  two  sides  of  the 
gland  which  are  occupied  by  the  carotids;  it  is  a  kind  of 
posterior  receptacle,  and  is  a  complement  of  the  two  cavernous 
ainuses.  It  is  there  where  the  two  posterior  clinoid  processes, 
with  their  ligamentous  production,  reach  out  towards  the  gland, 
and,  as  it  were,  euclose  said  posterior  receptacle,  distinguish iug  it 
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from  the  lateral  cavernous  receptacles.  Manget  places  it  beyond 
doubt  that  there  is  here,  under  the  production  or  duplicature  of 
the  dura  mater,  a  communication  between  the  gland  or  between 
the  cavity  of  the  sella  turcica  and  the  cavemuus  sinuses ;  he 
states  that  "there  is  a  channel  of  communication  between  the 
posterior  face  of  the  posterior  cUnoid  processes  and  the  produc- 
tion of  the  dura  mater  no  less  than  between  the  gland  and  the 
sella,  which  latter  communication  b  of  the  same  kind  as  the 
former."  Morgagni  does  not  disprove  this  statement  by  his  own 
experience,  as  he  does  where  he  states  that  there  is  no  communi- 
cation in  the  lowest  part  of  the  gland,  and  that  \\&  appendage, 
or  posterior  lobe,  clusely  adheres  to  the  integument  of  its 
&)asa.  As  to  the  rest,  the  fact  that  there  is  a  communi- 
lon  in  that  place  seems  to  be  denied  by  most  authors.'  [After 
entering  largely  into  a  discussion  of  the  opinions  sot  forth  by 
the  various  anatomists  on  this  subject,  Swedeuborg  continues :] 
This  now  is  the  reason  why  the  experience  of  one  anatomist  is 
contradictoiy  to  that  of  another,  namely,  the  mind  taken  up  by 
preconceived  ideas,  or  illuminated  simply  by  its  own  discoveries, 
sees  that  which  it  favours  beforehand,  and  it  passes  by  those 
things  which  it  does  not  favour.  This  is  human,  and  occurs 
even  among  the  greatest  lights  of  the  worlJ.  Nevertheless,  if 
the  spirituous  lymph  jwisses  through  the  inferior  transverse  and 
8Ui>erior  circular  sinuses  into  the  superior  petrosal  siuuses,  and 
the  remaining  juice,  which  is  urged  into  the  circumference  of 
the  gland,  flows  into  the  cavernous  siuuses,  and  at  the  same 
time  into  the  inferior  petrosal  sinuses,  an  element  of  harmony  is 
introduced  into  these  divergent  views,  and  the  difference  be- 
tween the  results  of  the  various  experiments  is  reconciled. 
Winslow  also  settles  this  difference  in  the  same  way ;  for  he 
states  that  the  small  circular  siuuses  communicate  with  the 
cavernous  sinuses.  So  long,  however,  as  there  is  this  clash 
among  the  opinions  of  the  learned,  in  order  to  put  an  end  to  the 
difficulty,  we  must  not  appeal  simply  to  experience,  but  also  to 

'  ConcflmiDg  the  pcwterior  receptacle  in  the  eella.  see  ^ote  vi.,  no.  27. — 
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the  nexus  between  the  various  a4iacont  parts,  and  their  alternate 
actiona  .  .  . 

6021.  T)il%  t?ie  gfand  effects  throurjh  {(9  alternate  eo^paTision 
and  constjiction,  which  is  acco'mjiliehed  by  a  miiscxdar  force. 
This   is  confirmed  by  the  texture  of  the  gland,  which  iu  this 
respect  is  similar  to  that  of  the  remaining  glands ;  for  they  are 
impelled  to  action  by  ratiscniar  fibres  which  are  carried  about  in 
them,  as  appears  plainly  from  Malpighi's  description.     For  the 
production   of  muscular  action  there  is  required  an  influx  of 
arterial  blood,  and  a  reflux  of  arterial  as  well  as  of  venous  blood ; 
further,  there  is  required  a  nerve  with  its  fibres  which  adjoins 
itself  to  the  little  arteries.     Both  are  present  in  the  pituitary 
gland.     Innumerable  vessels  flow  in  from  the  carotid  which  is 
very  close  to  it,  and  stretches  along  its  shorter  side.    AH  authors 
confirm  this  except  Willis,  who,  instead  of  using  the  word  "  in- 
numerable,"  says  "  very  many."     Vieussens,   however,   proved 
experimentally  that  there  is  such  an  arterial  stnicture  in  all 
human  pituitary  glands.     In  animals,  whose  pituitary  glands 
are  comparatively  larger,  and  which  pour  forth  a  grosser  and, 
at  the  same  time,  a  more  copious  juice,  there  is  added  on  either 
side  the  rete  mirabile,  and  according  to  Ridley,  also  in  front. 
Thence  little  arteries  enter  into  the  gland;  and  thither  the  re- 
flux of  blood  takes  place  when  the  gland  contracts  itself.     The 
body  of  the  gland  on  that  account  is  quite  reddish,  and  by 
Littre  it  is  called  its  red  portion,  and  is  said  to  be  furnished 
with  fleshy  fibres.*     That  a  few  little  veins  depart  thence  into 
the  membrane  which  holds  the  place  of  a  periosteum,  and  that 
afterwards  they  are  carried  into  the  inferior  and  superior  circu- 
lar sinuses,  and  partly,  also,  into  the  substance  of  the  sphenoid 
bone  in  the  direction  of  the  lateral  sinuses,  has  been  pointed  out 
abore.  And  is  also  confirmed  by  tlie  anatomical  authors.    But  as 
r^fards  the  nerves,  all  authors  confirm  that  the  pituitary  gland 
is  approached  by  branches  of  the  fifth  and  sixth  pairs.  .  .  . 
Nuthtug,  consef|ueutly,  is  wanting  Uy  the  proof  that  it  is  a 

*  Concerning  the  arterial  and  vouoixi  vossoIa  in  tho  pituitary  glaa^,  toe 
NuUi  vi.,  nut.  8,  9. — EiJiioK. 
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mnscular  force  which  rules  the  gland,  and  that  its  muscular 
texture  surroands  its  medullary  and  vesicular  substance.  This 
is  affirmed  by  Willis^  who  says  that  the  exteriors  of  the  gland 
are  occupied  by  a  compagcs  of  little  arteries,  and  its  interiors 
by  a  medullary  substance.  For  the  gland  is  an  appendage  of 
the  brain;  but  though  through  the  slender  beak  of  the 
infundibulum  it  adheres  to  the  brain^  it  yet  reclines  in  its 
own  cavity  in  such  a  manner  as  to  bo  outside  the  brain,  and 
80  that  it  cannot  be  acted  upon  by  the  animation  of  the  brain  ; 
wherefore,  its  motion  is  caused  mediately  through  an  inflowing 
nerve,  the  little  ganglion  of  which  is  placed  near  the  entrance 
of  the  nerve  into  the  cavernous  sinuses,  so  that  each  time, 
when  this  little  ganglion  compresses  itself,  the  nerve  also 
exerts  a  living  forco  upon  all  those  fibres,  and  causes  the 
gland  to  compress  itself  Nor  is  the  nerve  of  the  cerebrum  any 
difFcreot  in  its  action  when  closer  to  its  beginnings;  for 
near  its  approach  to  the  gland  it  swells  into  a  little  ganglion ; 
it  fortifies  itself  with  a  muscle;  it  sometimes  places  itself  near 
the  sesamoid  bone,  and  even  as  it  continues  its  ramification 
into  the  gland,  it  does  so  also  around  the  carotid,  into  the 
inferior  petrosal  sinuses,  into  the  little  arteries  and  veins  of  the 

(vemous  sinuses,  and  into  the  dura  mater.  And  even  if  it 
should  not  extend  its  ramitication  immediately  into  the  gland, 
it  does  so  mediately  through  tho  carotid  into  which  fibres  are 
reflected  from  the  fifth  and  sixth  pairs,  and  from  the  expansile 
force  of  this  artery  there  would  arise  an  equally  living  muscular 
action.  On  this  subject  we  shall  treat  more  at  large  in  the 
chapter  on  the  Reto  Mirabile.  From  all  of  this  it  follows,  that 
tho  nerve  cannot  fail  to  act  upon  the  gland  by  a  living  force, 
and  also  up<jn  all  the  parts  which  ore  around  tho  gland,  and 
which  must  contribute  their  share  towards  the  promotion  of  the 
object^ 

C02/.  Tfiis  muscular  action  of  the  glurui  coincklce  altogether 
tvitJi  the  jx^rioth  of  ^xpan»ioii  and  constriction  of  (lie  brain, 

>  Concerning  the  nervous  fibres  which  enter  into  the  pitnitary  gl&ad,  wo 
Koto  vi.,  no.  10.— KurruK. 
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This  may  be  concluded  both  from  the  inflowing  nerve  and  from 
the  carotid  For  when  the  cerebrum  constricts  itself,  the  little 
ganglion  of  the  nerve  acts  upon  the  gland  or  its  little  arteries, 
constricting  them  and  also  expelling  therefrom  the  blood.  The 
proof  from  the  carotid  is  as  follows  :  When  the  brain  constricts 
itself,  the  carotid  is  expanded,  accoriliug  to  the  general  rule  that 
a  reflux  of  arterial  blood  takes  place  into  that  vessel,  when,  that 
is,  the  muscle  or  the  glaud  are  deprived  of  this  blood.  On  the 
contrary,  however,  when  the  brain  expands  itself,  or  the  carotid 
is  constricted,  the  blood  is  expressed  into  the  gland  and  expands 
the  same,  and  thus  it  fills  with  blood  the  vessels  which,  during 
the  period  of  constriction,  have  been  deprived  of  the  same. 
Wherefore,  the  constriction  and  expansion  of  the  gland  coincides 
altogether  with  that  of  the  brain.  This  glandular  muscle  in  the 
pituitary  gland,  in  the  case  of  man,  seems  to  be  smaller  and 
weaker  than  in  the  case  of  animals;  so  far,  indeed,  as  the  spirits 
are  purer  and  are  determined  into  efflux  by  a  smaller  force ; 
besides,  in  the  case  of  man  also  there  is  a  smaller  amount  of  the 
liquid  in  question.  Granted  now,  that  there  is  such  an  alternate 
expansion  and  constriction  of  the  pituitary  glaud — since  on  no 
account  whatever  can  it  be  denied  that  the  blood  flows  into  it 
and  flows  out  of  it  again — it  follows  that  the  gland  acts  not 
only  upon  its  own  vesicular  substance,  and  uj>on  the  vesicular 
liquid,  but  also  upon  that  liquid  which  is  contained  between 
the  glaud  and  its  parietes.and  which,  by  this  means,  is  expelled 
outside  whenever  it  fills  the  whole  of  the  cavity ;  for  which 
purpose  no  other  exit  is  open  for  it,  than  in  the  direction  of  the 
posterior  part  of  the  sella,  sis  has  been  remarked  above. 

The  motion  of  the  pituitary  gland,  and  the  coincidence  of  the 
same  with  that  of  the  brain  being  given,  we  are  able  to 
explain  more  fully  those  things  which  have  been  adduced  above 
on  the  subject  of  the  liquids,  and  their  admission  and  expulsion; 
and  wo  can  also  inquire  into  the  meaning  of  the  appendage  of 
the  gland  ur  its  posterior  lobe,  and  of  the  large  vesicle  or  follicle 
in  the  middlei  Let  us  here  sum  up  the  information  gathered 
from  experience ;  namely,  that  the  gland  about  ita  posterior  and 
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broad,  wide  part  is  distant  from  the  wall  of  the  sella,  so  that  a 
probe   may  bo   introduced   there,  and  that  it  admits  a   little 
volume  of  Utjnid  ;  that,  nevertheless,  in  the  middle  of  its  posterior 
jtfu-t  it  is  attached  to  the  boue,  exactly  there  where  its  fulcrum 
is,  by  which,  as  well  as  by  its  adhesion  to  the  ceiling,  it  is  held 
8U«ij»euded ;  and,  further,  that  at  its  anterior  part  it  is  not  so 
loosely  fastened  to  the  wall  of  the  sella,  nor  at  the  sides  where 
the  carotids  are.  to  which  the  )^land  does  not  offer  so  wide  a 
margin.     Further,  that  the  appendage  or  posterior  lobe  itself 
remains  attached  to  the  bottom  of  its  fossa.     Thence  results: 
First,  that,  when  the  gland  expands,  it  acts  chiefly  in  the  direc- 
tion of  the  posterior  side  of  its  sella,  and  at  the  same  time 
pushes  the  whole  of  the  liquid,  which  is  contained  in  thatinter- 
fltioe,  towards  the  production  of  the  dura  mater;  that  it  also 
urges  some  iK>rtion  of  it  under  the  ceiling,  namely,  where  it 
docs  not  adhere  to  the  upper  part  of  the  gland;  consequently, 
that  by  this  action  of  the  liquid  there  are  opened  the  foramina 
between  the  cavernous  sinuses  and  also  those  leading  to  the  beak 
or  process  of  the  irifundibulum,  with  which  the  production  of 
the  dura  is  ecu  joined  iu  the  fashion  of  a  knee-joint     Ail  these 
foramina,  both  those  in  the  direction  of  the  ceiling,  and  those 
which    lead   towards  the  walls  of  the   sella,  must  gape  open 
under  the  pressure  of  the  liquid,  since  the  whole  production  of 
the  dura  outside  of  tho  sella  yields,  uaTuely,  while  the  carotids 
subside,  and  the  cerebnnn  is  incumbent  above.     SecondXy,  that 
the  blood  from  the  carotids  also,  during  the  same  perio<l  of  ex- 
pansion, rushes  into  the  gland  ;  likewise,  from  the  anterior  side 
when  the  rete  mirabile   is   present     Thirdly,  that   then   the 
entrance  from  the  process  of  the  infundibulum  is  opened  into 
the  gland  itself,  as  well  as  over  its  surface.     It  is  open  into  the 
gland,  because  when  the    gland  is  expanded   its  vesicles  are 
expanded,  and  together  therewith  the  large  cleft  or  follicle  in 
the  middle,  w^hich  is  the  general  regulator  of  the  rest     When 
this  middle  cavity  is  expanded,  almost  of  its  own  accord,  the 
whole  of  tho  juice  is  brought  thither  from  the  process,  being 
driven  along  by  continuity.     Consecpiently,  the  above-mentioned 
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nature  intends  a  constant  and  siire  purpose  and  effect,  as  in  the 
present  case  and  also  in  others,  it  multiplies  ways  and  means. 
NaUire  also  observes  a  proportion  between  the  ways  or  channels 
and  the  liquid  which  is  to  be  conveyed ;  wherefore,  in  the  calf 
these  foramina  are  exhibitwl  to  the  sight,  and  they  are  pervious 
to  injectiouB.  as  is  also  the  case  with  the  beak  itself  of  the 
iufuudibulum.  But  in  man  these  foramina  are  almost  invisible, 
except  in  fresh  bone,  and  so  also  aro  the  pores  of  the  beakeil 
infundihuhim.  There  is  also  a  force  in  this  argument  that  the 
above-mentioned  lymph  flashes  afterwards  through  the  bone  by 
the  sole  impetus  given  to  it  in  the  gland,  or  is  carried  along  of 
its  own  accord,  as  it  were,  since  there  is  nothing  in  the  bone  to 
press  and  urge  it  along,  as  is  the  case  with  veins,  sinuses  and 
arteries,  which  are  engirded  by  membranes.  A  reason  also  may 
be  derived  from  this  circumstance,  that  these  passages  are  in 
the  sphenoid  bone  and  also  in  the  petrous  portion  of  the 
temporal  bone,  which  bones  arc  always  tremulous  through  the 
membranes  of  the  ear;  for  by  the  aid  of  this  tremulousness  the 
spirituous  lymph  of  the  gland  will  hasten  into  its  terminal 
vessels,  that  is.  into  the  lateral  sinuses,  with  the  greatest  ease, 
accoi'ding  to  the  nature  of  its  elasticity.*  Wherefore,  experience 
testifies  that  the  blood  is  considerably  vivified  by  the  expansion 
and  dilatation  of  the  cerebrum  and  its  cranium^  as  well  as  by 
the  hilarity  of  the  mind,  the  harmony  of  sounds,  and  the  vibra- 
tion of  tlie  parts  mentioned,  through  laughter  and  other  causes. 
()02/.  To  this  spiintuous  lyvvph  the  piimtary  gland  adds  a 
quantity  of  lymph  expressed  ftvm  its  little  arteries. — This  we 
are  allowed  to  infer  from  this  circumstance,  that  numeroufl 
arterial  vcsseb,  departing  from  the  carotids  close  by,  or  also 
spriuging  Irom  them  mediately  through  the  retc  mirabile — 
chiefly  in  animals — enter  into  the  pituitary  gland,  and  when 
the  gland  is  dilated  and  compressed  in  alternate  periods,  it 
follows  that,  just  as  in  other  glands  and  muscles,  there  is 
expressed  thence  a  lymph,  which  immediately  lays  hold  of  the 

'  CoDoemiDg  the  lympheducta  in  the  sphenoid  and  t«mporftl  bones,  sec  Koto 
Vi..  not.  18,  19,  and  38-40.— Editoa. 
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volatile  spirituous  fluid,  in  a  manner  so  as  to  contain  it  within 
Its  cells.     That  this  Is  the  case  with  a  small  quantity  seems  to 
flow  from  the  fact,  that  arterial  blood  from  the  carotid  of  one 
side  either  passes  over  into  the  carotid  of  the  other  side  tlirough 
the  rete  mirabile  (whether  this  be  situated  outside  or  inside  the 
gland),  or  else  returns  iuto  the  carotid  from  which  it  has  startetl. 
This  will  bo  discussed  in  the  chapter  on  the  rete  mirabile.^ 
Meanwhile,  the  fact  that  some  arterial  secretion  is  spritikled  on 
the  spirituous  lymph  is  evident  from  the  vesicular  substance  of 
the   gland,    and    from   the    circumstance    that    the    vesicles, 
according  to  Littre,  are  smaller  than  in  the  appendage ;  on  this 
account  also  the  body,  or  the  anterior  half,  of  the  gland  is 
hanier  than  its  appendage,  or  its  posterior  half.     It  is  further 
evident  from  this  circumstance  that  little  veins  apply  them- 
selves to  the  inferior  transverse,  and  superior  circular  sinuses, 
and  that  those,  also,  which  enter  the  substance  of  the  bone, 
communicate  with  the  lateral  sinuses ;  from  which  it  is  rendered 
probable  that  they  communicate  also  with  the  lympheducts  in 
the   bone,  and   that  everywhere  a  lymph   from  the    blood  is 
poured  on  to  prevent  the  evaporation  of  the  spirituous  essence. 
Moreover,  it  cannot   be  denied    that   that   essence   which, 
after  passing  through  the  pores  of  the  process  of  the  infundi- 
bulura,  enters   the   inmost   vesicular   substance   of  the  gland 
is   dispatched  abroad   through  the  above-mentioned  channels, 
since   the  whole   ramification  from   the  gland  tends  in  those 
directions,  aa   is   also    manifestly  proved   by  experience.     For 
when  the  gland  is  squeezed  between  the  fingers  no  liquid  pours 
out   through   its  proper   membrane,  according  to   Morgagni's 
experience.     It  is  alao  of  considerable  hardness,  and  in  addition 
to  the  membrane  is  enclosed  by  an  arterial  texture.     Neverthe- 
less, it  is  spongy,  and  filled  with  such  a  large  quantity  of  liquid, 
that  there  is  no  more  humid  gland  throughout  the  whole  body, 
according  to  Ridley's  expres-sion.     The  liquid  contained  within 
the  gland,  owing  to  the  general   resistance  of  the  enclosing 

'  Coucernlng  the  serum  excreted  from  the  arterial  shoots  iu  the  pituitsry 
gland,  see  Note  vi.,  nos.  2*2,  23.— Editor. 
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mombrane,  cannot  be  (ILscliurgtd  anywhere  else  than  through 
the  approyiHiitc,  viaible  little  diarmcls,  which  have  alreiuly  been 
treated  of,  and  which,  taken  altogether,  have  of  a  greater 
capoeity  than  the  deferent  minute  channels  of  the  beak ; 
wherefore,  I  believe,  that  a  peculiar  aecretion  of  the  gland  itself 
ifl  added  to  the  above  lymph  or  spirituous  essence.  But  il*  any 
one  dues  not  suniiaou  causes  and  unseen  things  in  aid  to 
exporience  and  things  seen,  he  will  not  be  able  to  deal  with 
organs  which  are  subservient  to  mind.  For  the  eyesight  is  so 
gross  and  dull  that  it  must  be  fortified  in  order  to  transcend  but 
little  its  own  sphere.  If  nothing  passes  tlirongh  pores  except 
what  the  external  sense  attests,  our  bodily  machine  would  bo 
a  mere  stock  devoid  of  spirits.  Liquids  are  not  stagnant  in 
those  insects  which  often  conceal  the  whole  of  their  little  bodies 
from  the  keenest  vbion  of  our  eyes,  and  thousands  of  which 
scarcely  equal  one  moveable,  least  particle,  l^ox  are  their 
arteries  and  fibres  impervious,  because  they  cannot  be  exposed 
to  tlio  sigiit  by  pipes  or  syringes  adapted  to  their  least  veins  or 
cavities,  through  which  air  or  a  liquid  may  be  injected,  and  the 
vessels  thus  bo  expanded.  Nor  do  the  leaves  of  a  lofly  poplar, 
on  the  otlier  hand,  lack  the  nourishing  juice  supplied  by  the 
roots,  because  the  syringe  or  canule  is  unable  to  find  a  cleft, 
through  which  an  injected  dye  is  able  to  fill  the  fibres  which 
arc  continuous  from  the  lowest  part  of  the  tree  even  to  its  top, 
and  which  reiich  into  the  very  air,  and,  on  the  other  hand,  extend 
into  llie  niiuutest  centre  of  the  seed.  And  still  less  would  it  be 
believed  that  a  noble  and  ignoble  juice  |>asses  through  the  very 
rocks.  Thn^ugh  myriads  of  pores  there  transpires  through  every 
p*»int  of  our  skin  a  perennial  stream  of  exhalations,  which  in 
largo  quantities,  and  charged  with  many  obsolete  substances,  are 
rejected  as  useless  into  the  air  from  the  blood  and  the  vesicles; 
while  rotined  and  more  simple  ethereal  substances  constantly 
return  thnnigh  filters  to  the  fountjun-head,  which  experience 
lorbids  us  to  deny.  How  much  more  must  this  be  the  case  in 
a  congeries  |>al}>ab]e  to  the  sights  and  which  is  manifestly  moist; 
and  especially  so  in  little  glands,  whence,  after  tbey  are  agitated. 
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there  distils  a  copious  moisturo ;  as  from  the  parotid  glands, 
which,  when  they  are  wounded,  Hood  the  cheeks,  as  it  were, 
with  a  foaming  torreut.  What,  then,  must  be  the  case  with  the 
pituitary  gland  into  ^vhich  there  presses  down  such  a  copious 
maas  of  liquid  from  the  ventricles;  which  gland  is  pulled  in 
opposite  directions  in  its  sella,  and  which,  at  regular  inten-als,  is 
coDstricted  and  relaxed  by  its  enclosing  membranes  and  its  own 
muscular  substance,  or  which  is  continually  agitated  t>y  being 
stretched  in  alternate  periods  in  breadth  and  also  iu  length  ? 

602^.  The  isecond  or  serous  fluid  U  (idmitteil  into  the  surface 
of  the  gluiid  and  around  its  aides,  as  has  been  shown  above; 
nauioly,  through  the  experiments  of  Vieussena  and  Kidley,  by 
which  it  is  rendered  manifest  that  not  the  whole  of  tho  liquid, 
which  has  been  injected  into  the  infundibulum,  enters  the  gland 
itself,  but  that  tho  grosser  portion  of  it  escapes  over  its  surface. 
On  this  account,  also,  that  grosser  portion  is  kept  back  between 
the  gland  itself  and  tho  posterior  and  lateral  walls  of  the  sella. 
Numerous  sauguineous,  lueinbmiious,  and,  as  it  were,  nervous 
filaments,  indeed,  intervene  there,  so  that  the  gland  is  filled 
with  a  palish,  reddish,  and  again  with  a  seemingly  sanguineous 
lymph,  and  that,  according  to  Littre,  it  seems,  as  it  were,  bathed 
in  it.  Since  tJiis  liquid,  as  proved  by  experience,  cannot  tran- 
sude through  the  membranes,  it  must  needs  flow  down  from  the 
infundibulum  through  its  pipes,  where  its  process  pierces  the 
integument  of  the  gland,  which,  according  to  Ridley  and 
Vieusseus,  consists  of  pia  mater.  And  this  happens  while  this 
process  [that  is,  its  membranous  production]  is  spread  apart  in 
every  direction,  and  the  liquid  within  the  gland,  by  the  expan- 
sion of  the  same,  is  pushed  out  sidewaixls,  and  raises  the  ceiling 
of  the  gland;  this  takes  place  simultaneously  with  the  expan- 
sion of  the  brain.  That  this,  moreover,  takes  place  chiefly  iu  the 
direction  of  the  j>osterior  ])ortion  of  the  gland,  may  be  con- 
cluded from  the  oblique  insertion  of  the  process  in  the  direction 
of  its  anterior  portion,  and  likewise  from  the  reciprocal  obliquity 
of  the  position  of  the  gland  itself  in  a  posterior  direction ;  so 
that  when  the  brain  and,  at  the  same  time,  this  glandulai-  body 
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expands,  there  must  needs  be  a  certain  divarication  or  spreading 
apart  in  that  particular  place.  Into  that  portion  aljio,  in  the 
case  of  animals,  there  is  reflected  a  certain  production  from  the 
infundibulum,  which  is  at  the  same  time  inserted  into  the  bone, 
or  into  the  epiphysis  of  the  sella,  as  well  as  into  the  gland  itself, 
and  prevents  the  latter  from  being  injured  by  such  a  spreading 
apart  It,  therefore,  does  not  seem  doubtful  that  a  liquid,  and 
indeed  a  grosser  one,  is  expressed  over  the  surface  of  the  gland, 
since  coloured  injections,  according  to  experiments,  were  able  to 
dye  only  its  surface,  although  Littre  declares  that  they  also 
have  caused  a  swelling  in  the  posterior  lobe.  The  above  liquid, 
namely,  that  with  which  the  surface  of  the  gland  is  bathed,  can- 
not proceed  from  the  interior  compages  of  the  gland,  since  no 
transudation  takes  place  through  its  membrane,  nor  can  it  be 
secreted  from  the  little  arteries  of  the  rete  mirable,  since  that 
rete  exists  around  the  glands  of  the  human  brain  only  very 
rarely,  and,  nevertheless,  there  is  always  observed  an  abundance 
of  such  a  liquid.  Nor  is  this  an  objection  that  the  covering, 
which  lines  the  upper  and  compressed  face  of  the  gland,  is,  as  it 
were,  agglutinated  to  it,  since  the  instillation  of  such  a  juice 
from  the  infundibulum  requires  only  pores  or  minute  ducts  con- 
tinued thence,  of  that  kind  indeed  as  have  afforded  a  passage  to 
injections  in  the  above-mentioned  experiments ;  such  ducts  as 
exist  also  in  the  beak  or  process  of  the  infundibulum.  Besides, 
the  membrane  is  not  agglutinated  to  the  gland  at  its  sides 
where  its  plane  figure  passes  over  into  one  which  is  convex. 

602A.  Th\»  seivus  jii/io*  the  gland  dUcharge^  into  the  in,' 
ferior  petroBal  einuaes,  and  partly  into  the  cavernous  einuses 
themselves^  namely,  it  discharges  it  in  the  direction  of  that 
posterior  part  of  the  sella,  whore  a  quantity  of  it  collects  and 
bathes  tlie  gland.  This  part  is  between  the  two  sides  of  the 
gland  whicli  are  occupied  by  the  carotids ;  it  is  a  kind  of 
posterior  receptacle,  and  is  a  complement  of  the  two  cavernous 
sinuses.  It  is  there  where  the  two  posterior  cUnoid  processes, 
with  thoir  ligamentous  production,  reach  out  towards  the  gland, 
aud»  as  it  were,  enclose  said  posterior  receptacle,  distinguishing  it 
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from  the  lateral  cavernous  receptacles.  Manget  places  it  beyond 
doubt  tbat  there  b  here,  under  the  production  or  duplicaturc  of 
the  dura  mater,  a  communication  between  the  gland  or  between 
the  cavitj  of  the  sella  turcica  and  the  cavernous  sinuses ;  he 
states  that  "there  is  a  channel  of  communication  between  the 
posterior  face  of  the  posterior  clinoid  processes  and  the  j)roduc- 
tion  of  tlie  dura  mater  no  less  than  between  the  gland  and  the 
sella,  which  latter  communication  is  of  the  same  kind  as  the 
former."  Morgagni  does  not  disprove  this  statement  by  his  own 
experience,  as  he  does  where  he  states  that  there  is  no  communi- 
cation in  the  lowest  part  of  the  gland,  and  that  its  appendage. 
or  posterior  lobe,  closely  adheres  to  the  integument  of  its 
fo8sa«  As  to  the  rest,  the  fact  that  there  is  a  communi- 
cation in  that  place  seems  to  be  denied  by  most  authors.'  [After 
entering  largely  into  a  discussion  of  the  opinions  set  forth  by 
the  various  anatomists  on  this  subject,  Swedenborg  continues :] 
This  now  is  the  reason  why  the  experience  of  one  anatomist  is 
contradictory  to  that  of  another,  namely,  the  mind  taken  up  by 
preconceived  ideas,  or  illuminated  simply  by  its  own  discoveries, 
sees  that  which  it  favours  beforehand,  and  it  passes  by  those 
things  which  it  docs  not  favour.  This  is  human,  and  occurs 
even  among  the  greatest  lights  of  the  worlii.  Nevertheless,  if 
the  spirituous  lyuiph  passes  through  the  inferior  transverse  and 
superior  circular  sinuses  into  the  superior  petrasal  sinuses,  and 
the  remaining  juice,  which  is  urged  into  the  circumference  of 
the  gland,  flows  into  the  cavernous  sinuses,  and  at  the  same 
time  into  the  inferior  petrosal  sinuses,  an  element  of  harmony  is 
introduced  into  these  divergent  views,  and  the  diiference  be- 
tween the  results  of  the  various  experiments  is  reconciled. 
Wiuslow  also  settles  this  dlHereuce  in  the  same  way ;  for  he 
states  that  the  small  circular  sinuses  communicate  with  the 
cavernous  sinuses.  So  long,  however,  as  there  is  this  clash 
among  the  opinions  of  the  learned,  in  order  to  put  an  end  to  the 
difficulty,  we  must  not  appt^al  siujply  to  experience,  but  also  to 

^  CoDcemiug  the  posterior  receptacle  io  the  *eU&,  «ee  Kote  vi,  no.  27. 
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the  Do^njs  between  the  various  adjacent  parte,  and  their  alternate 
actions.  .  .  . 

602i.  TVi'ie  tht  fjlavd  efffvU  tkrotigh  its  alteniate  exj>a7i8i(m 
and  constriction,  which  is  accompl inked  by  a  viuscxdar  force. 
This  is  confirmed  by  the  texture  of  the  gland,  which  in  this 
respect  is  similar  to  that  of  the  remaining  glands ;  for  they  are 
impelled  to  action  by  muscular  fibres  which  are  carried  about  in 
them,  as  appears  plainly  from  Malpighi's  description.  For  the 
production  of  muscular  action  there  is  required  an  influx  of 
arterial  blood,  and  a  reflux  of  arterial  as  well  as  of  venous  blood  j 
further,  there  is  required  a  nerve  with  its  fibres  which  adjoins 
itself  to  the  little  arteries.  Both  are  present  in  the  pituitary 
gland.  Innumerable  vessels  flow  in  from  the  carotid  which  is 
very  close  to  it,  and  stretches  along  its  shorter  side.  All  authors 
confirm  this  except  Willis,  who,  instead  of  using  the  word  "  in- 
numerable," says  "  very  many."  Vieussens,  however,  proved 
experimentally  that  there  is  such  an  arterial  structure  in  all 
human  pituitary  glands.  In  animals,  whose  pituitary  glands 
are  comparatively  larger,  and  which  pour  forth  a  grosser  and, 
at  the  same  time,  a  more  copious  juice,  them  is  added  on  either 
side  the  rete  mimbilc,  and  according  to  Ridley,  also  in  front. 
Thence  little  arteries  enter  into  the  gland;  and  thither  the  re- 
flux of  blood  takes  place  when  the  gland  contracts  itself  The 
body  of  the  gland  on  that  account  is  quite  reddish,  and  by 
Littre  it  is  called  its  red  portion,  and  is  said  to  be  furnished 
with  fleshy  fibres.^  That  a  few  little  veins  depart  thence  into 
the  membrane  which  holds  the  place  of  a  periosteum,  and  that 
afterwanis  they  are  carried  into  the  inferior  and  superior  circu- 
lar sinuses,  and  partly,  also,  into  the  substance  of  the  sphenoid 
bone  in  the  direction  of  the  lateral  sinuses,  has  been  pointed  out 
above,  and  is  also  confirmed  by  the  anatomical  authors.  But  as 
regards  the  nerves,  all  authors  confirm  that  the  pituitary  gland 
is  approached  by  branches  of  the  fifth  anil  sixth  pairs.  .  .  . 

Nothing,  consequently,  is  wanting  to  the  proof  that  it  is  a 

'  ConooraUig  the  nrtorml  and  venous  vttsels  iu  the  pitmt»ry  gUnd,  see 
Note  vi.,  DM.  8,  9.— Editor, 
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muscular  force  which  rules  the  gland,  and  that  its  muacular 

texture  surrounds  its  medullary  and  vesicular  substauce.     This 

is  affirmed  by  Willis,  who  says  that  the  exteriors  of  the  gland 

are  occupied  by  a  compages  of  little  arteries,  and  its  interiors 

by  a  medullary  substance.     For  the  gland  is  an  appendage  of 

the   brain ;    but    though   through    the  slender    beak   of    the 

infundibulum   it  adheres  to  the  brain,  it  yet   reclines  in  its 

own  cayity  in  such  a  manner  as  to  be  outside  the  brain,  and 

so  that  it  caunot  be  acted  upon  by  the  animation  of  the  brain  ; 

wherefore,  its  motion  is  caused  mediately  through  an  inflowing 

nerve,  the  little  ganglion  of  which  is  placed  near  the  entrance 

of  the  nerve  into  the  cavernous   sinuses,  so  that  each  time, 

when   this   little  ganglion   compresses   itself,  the    nerve  also 

exerts  a   living  force   upon   all  those   fibres,  and  causes  the 

gland  to  compress  itselH     Nor  is  tho  nerve  of  the  cerebrum  any 

different    in   its  action   when  closer  to   its   beginnings;    for 

near  its  approach  to  the  gland  it  swells  into  a  little  ganglion  ; 

it  fortifies  itself  with  a  muscle;  it  sometimes  places  itself  near 

the  sesamoid  bone,  and  even  as  it  continues  its  ramification 

into  the  gland,  it  does  so  also  around  the  carotid,   into  the 

inferior  petrosal  sinuses,  into  the  little  arteries  and  veins  of  the 

cavernous  sinuses,  and  into  the  dura  mater.     And  even  if  it 

sbould  not  extend  its  ramilicatiou  immediately  into  the  gland, 

it  does  so  mediately  through  the  carotid  into  which  fibres  are 

Teflected  from  the  fifth  and  sixth  pairs,  and  from  the  expansile 

force  of  this  artery  there  would  arise  an  equally  living  muscular 

action.     On  this  subject  we  shall  treat  more  at  large  in  the 

chapter  on  the  Rete  Mirabile.     From  all  of  this  it  follows,  that 

the  nen'c  cannut  fail  to  act  upon  the  gland  by  a  living  force, 

and  also  upon  all  the  parts  wl»ich  are  around  the  gland,  and 

which  must  contribute  their  share  towards  the  promotion  of  tho 

object.* 

602/.  Thx9  museidar  action  of  the  gland  coincidfH  (dtogfthcr 

wth  thfi  pfruxln  of  exjHtnsion  and  constnction  of  (he  braitu 

^  Concerning  the  norvoua  dbrea  which  enter  into  the  pituitary  gland,  bm 
Kobe  vi.,  no.  10.— £jl>itor. 
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This  may  be  concluded  both  from  the  inflowing  nerve  and  from 
the  carotid.  For  when  the  cerebrum  constricts  itself,  the  little 
gangliuD  of  the  nerve  acts  upon  the  gland  or  its  little  arteries, 
constricting  them  and  also  expelling  therefrom  the  blood.  The 
proof  from  the  carotid  is  as  follows :  When  the  brain  constricts 
itself,  the  carotid  is  expanded,  according  to  the  general  rule  that 
a  redux  of  arterial  blood  takes  place  into  that  vessel,  wlieu,  that 
is,  the  muscle  or  the  glaud  are  deprived  of  this  blood.  On  the 
contrary,  however,  when  the  bnun  expands  itself,  or  the  carotid 
is  constricted,  the  blood  is  expressed  into  the  gland  and  expands 
the  same,  and  thus  it  fills  with  blood  tho  vessels  which,  during 
the  period  of  constriction,  have  been  deprived  of  the  same. 
Wherefore,  the  constriction  and  expansion  of  the  gland  coincides 
altogether  with  that  of  the  bmiu.  This  glandular  muscle  in  the 
pituitary  glaud,  in  the  case  of  man,  scfuis  to  be  smaller  and 
weaker  than  in  the  case  of  animals ;  so  far,  indeed,  as  the  spirits 
are  purer  and  arc  determined  into  elHux  by  a  smaller  force; 
besides,  in  the  case  of  man  also  there  is  a  smaller  amount  of  the 
liquid  in  question.  Granted  now,  that  tliere  is  such  an  alternate 
expansion  and  constriction  of  the  pituitary  gland — since  on  no 
account  whatever  can  it  be  denied  that  the  blood  Hows  into  it 
and  flows  out  of  it  again — it  follows  that  the  gland  acts  not 
only  upon  its  own  vesicular  substance,  and  upon  the  vesicular 
liquid,  but  also  upon  that  liquid  which  is  contained  between 
the  gland  and  its  parictes,  and  which,  by  this  means,  is  expelled 
outside  whenever  it  fills  the  whole  of  the  cavity ;  for  which 
purpose  no  other  exit  is  open  for  it,  than  in  the  direction  of  the 
posterior  part  of  the  sella,  as  has  been  remarked  above. 

The  motion  of  the  pituitary  gland,  and  the  coincidence  oftlio 
same  with  that  of  the  brain  being  given,  we  are  able  to 
explain  more  fully  those  things  which  have  been  adduced  above 
on  the  subject  of  the  liquids,  and  their  admission  and  expulsion; 
and  we  can  also  inquire  into  the  meaning  of  the  appendage  of 
the  gland  or  its  posterior  lobe,  and  of  the  large  vesicle  or  follicle 
in  the  middle.  Let  us  here  sum  up  the  information  gathered 
from  experience ;  namely,  that  the  gland  about  its  posterior  and 
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wide  part  is  distant  from  the  wall  of  the  sella,  so  that  a 
probe  may  be  introduced  there,  and  that  it  admits  a  little 
Volume  of  liquid  ;  that,  nevertheless,  in  tlie  middle  of  its  post^'rior 
part  it  is  attached  to  the  bone,  exactly  there  where  its  fulcrnra 
is,  by  which,  as  well  as  by  its  adhesion  to  the  ceiling,  it  is  held 
euspeuded;  and,  further,  that  at  its  anterior  part  it  is  not  so 
loosely  fastened  to  the  wall  of  the  sella,  nor  at  the  sides  where 
the  carotids  are,  to  which  the  gland  does  not  offer  so  wide  a 
margin.  Further,  that  the  appendage  or  posterior  lobe  itself 
^—remains  attached  to  the  bottom  of  its  fossa.  Thence  results: 
^^KF</'n^  that,  when  the  gland  expands,  it  acts  chiefly  in  the  direc- 
^Haon  of  the  posterior  side  of  its  sella,  and  at  the  same  time 
^f)U8hes  the  whole  of  the  lit^uid,  which  is  contained  in  that  Juter- 
^^stice,  towards  the  production  of  the  dura  mater ;  that  it  also 
purges  some  portion  of  it  under  the  ceiling,  namely,  where  it 
l^ldoes  not  adhere  to  the  upper  part  of  the  gland ;  consequently, 
^^that  by  this  action  of  the  liquid  there  are  opoue<l  the  foramina 
^^between  the  cavernous  sinuses  and  also  those  leading  to  the  beak 
^Bbr  process  of  the  infundibulum.  with  which  the  production  of 
the  dura  is  conjoined  in  the  fashion  of  a  knee-joint  All  these 
foramina,  both  those  in  the  direction  of  the  ceiling,  and  thase 

t which  lead  towards  the  walls  of  the  sella,  must  gape  open 
knder  the  pressure  of  the  liquid,  siuce  the  whole  production  of 
hhe  dura  outside  of  the  sella  yields,  namely,  while  the  carotids 
mibside,  and  the  cerebrtnn  is  incumbent  above.  Secomllij,  that 
lithe  blwjd  from  the  carotids  also,  during  the  same  period  of  ex- 
^hansion,  rushes  into  the  gland ;  likewise,  from  the  anterior  side 
^Khen  the  rete  mirabile  is  present  Thirdly,  that  then  the 
^^ntrancc  from  the  process  of  the  infundibulum  is  oj^ened  into 
the  gland  itself,  as  well  as  over  its  surface.  It  is  open  into  the 
'  gland,  because  when  the  gland  is  expanded  its  vesicles  are 
^^cpanded,  and  together  therewith  the  large  cleft  or  follicle  in 
^^Rie  middle,  which  is  the  general  regulator  of  the  rest.  When 
this  middle  cavity  is  expanded,  almost  of  its  own  accord,  the 
ole  of  the  juice  is  brought  thither  from  the  process,  being 
ven  along  by  continuity.     Consequently,  the  above-mentioned 
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expansion  is  an  additional  force  by  which  the  liquid  is  driven 
into  the  gland  itself,  while  extraneously  it  is  urged  towards  the 
same  centre  by  the  liquid  of  the  upper  part  of  the  compressed 
infundibuhiin.  In  this  way.  then,  all  the  roads  leading  thither 
are  kept  open  in  the  ni«)st  regular  order.  Fourthli/,  it  follows 
that  the  larger  clefl  or  follicle,  which  is  almost  between  the 
bodv  of  the  glaiul  and  it,s  a]tjx*ndnge  [or  btitween  its  anterior  and 
posterior  lobes],  is  the  regulator  and  ruler  of  the  glaiid;  nanielv.so 
that  the  gland  swells  just  so  far,  that  by  swelling  it  is  able  to  fill 
that  space,  and  to  expel  thence  completely  the  wave  by  which  it  is 
bathed  ;  that  is,  that  in  harmony  with  the  action  of  the  brain,  to 
wliich  it  corresponds  altogether,  it  acts  upon  its  liquid  both  from 
without  and  from  within.  For  the  san»e  reason  also,  by  the  alter- 
nate periods  of  a  deeper  animation  and  respiration  which  coincide 
with  tlie  breathing  of  the  lungs,  then.'  is  attracted  int-o  the 
gland  from  the  lalxiratory  of  the  brain  a  larger  amount  o( 
spirituous  lymph,  and  again,  acconluig  to  the  exigencies  of  the 
body,  a  larger  amount  is  expelled.  Fifthly/,  again,  from  the 
|)o»ited  auiniatioTi  of  the  gland,  and  at  the  same  time  from  the 
fact  of  its  posterior  lobe  being  fastened  to  the  bottom  of  its 
little  fossa,  follows  the  reason  why  the  gland  is  divided  by  a 
notch  into  its  body  proper  and  into  its  apj>endage ;  for,  since 
the  upper  part  of  the  gland  constantly  expands  in  the 
direction  of  it'^  postenor  part,  and  at  the  same  time  raises 
itself,  there  seems  to  be  a  necessity  for  its  lower  part  to  be 
fastened  and  to  pass  oif  into  an  appendage,  and  for  it  to  have  ita 
place  in  a  little  fossa,  excavated  in  this  wise,  and  that  between 
the  two  parts  there  should  intervene  on  the  outside  a  notch, 
and  in  the  inside  a  folUclt*,  without  which  the  expansion  could 
never  be  effected.  Sixthltf,  supposing  the  appendage  or  jKM*terior 
lobe  of  the  gland  should  not  by  its  bottctm  be  kept  attached  tu 
its  own  fossa,  in  that  case  the  compressed  liquid,  na»«ely.  that 
on  its  surface,  by  the  ejtpansion  of  the  b*.Kiy  of  the  gland,  would 
be  driven  also  towards  the  anterior  portion  of  the  gland  and 
towarils  its  sides,  whereby  the  rt^giilar  supply  of  Huid  through 
the  procr-ss  of  the  iufundibiilum.s,  ami  als*)  it-"?  regular  discharge. 


AN  EARLIER  ANALYSIS, 


131 


aud  at  the  same  time  the  commuuication  lK>tweon  the  carotids, 
would  be  disturbed,  when  yet  the  whole  force  of  the  action  froiu 
without  should  be  determined  towards  the  posterior  part  of  the 
Bella,  aiid  that  of  the  action  from  within  towards  the  lympheducts 
and  veins:  wherefore,  openings  which  lead  into  the  bone  appear 
at  the  bottom  where  the  posterior  lobe  retreats  inwards ;  for 
the  same  reason  also  the  process  of  the  infuDdibuluin  is  inserted 
in  the  ant<;rior  portion  of  the  gland,  and  die  ^land  itself 
applies  itself  most  proximately  to  the  superior  circular  sinus, 
and  thereby  to  the  head  of  the  suj>erioi  j)etrtisal  sinus,  which 
is  also  governed  by  a  little  nerve  of  the  Hfth  pair.  This  appears 
>m  the  fact  that  the  beginning  of  this  sinus  passes  over  the 
unk  of  the  tifth  pair  of  nerves,  even  as,  acconling  to  Morgagni, 
le  sixth  ]>air  of  nerves  also  progresses  in  this  manner  along 
le  external  side  of  the  inferior  petrosal  sinuses,  aud  within  the 
lugh  excavated  for  the  same.  This  also  furnishes  an  argu- 
lent  why  b*Jth  these  sinuses  receive  from  their  gland  at  these 
Lle*l  momenta  some  portions  of  a  Huici.  SevaUldy,  ao  liar  as 
ic  separation  of  the  liquid  in  the  gland  itself  is  concerned,  all 
lis  cannot  be  thoroughly  explored  l>oi'oro  the  economy  of  the 
>W)d  has  been  investigated,  which  depends  in  a  great  measure 
upon  this  gland.  At  any  rate,  from  the  size  of  the  gland  and 
its  muscle,  from  the  structure  and  slendemess  of  the  process 
the  infundibulum,  and  at  the  same  time  from  the  humour 
the  little  sinuses,  lynipheducts  and  iibres  which  are 
»rived  thence,  from  the  ret^  mirabile  and  many  other  parts, 
inductions  may  be  made  as  to  the  quality  of  the  blood,  and 
the  ratio  of  the  influx  of  the  blood  into  the  parts  of  the  body, 
and  at  the  same  time  into  the  oi^anism  of  the  brain. 

602^'.  Conseqtuntlif,  the  pituitary  gland  expends  its  wfioie 
a<riion  in  its  interiors  and  on  itit  aitrface  on  tlut  reof^ption 
ud  tranji-minmon  of  fitjuiils,  and  to  some  extent  on  their 
•tioii.  In  this  respect  it  is  altogether  Like  the  lymphatic 
glanda  .  .  .  which  are  in  a  like  manner  vesicular  and  enginled 
muscular  fibres.  Whether  they  secrete  or  simply  transmit, 
ley  are  nevertheless  counted  among  the  glands,  and  thus  are 
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iu  some  respect  like  the  pituitary  gland  ;  they  are  like  it  also 
iu  this  respect,  that  the  fluids  which  they  transmit  are  finally 
conveyed  in  veins,  as,  for  instance,  in  the  subclavian. 

002^.  With  a  diference,  IioweiTr,  in  anlvutU  ;  as,  for  instance, 
in  the  dog,  cat,  etc.,  where  the  tube  of  the  infuudibuluni 
embraces  the  pituitary  gland,  so  that  when  one  is  removed,  the 
other  is  extracted  also.  The  difference  is  that  the  spirituous 
lyujph  of  animals  does  not  require  such  minute  ducts.  On  this 
account  also  two  distinct  glands,  in  their  cAse,  are  under  the 
infundibulum  [that  is,  the  pituitary  gland  itself  consists  of  these 
two  glands],  for  this  reason  that  the  liquids  which,  through 
open  pipes,  have  penetrated  s«i  far  may  be  separated  there,  and 
not  in  the  infundibulum.  In  the  remaining  animals  also  a 
much  freer  pass:igc  is  open  into  the  interiors  of  the  gland. 
Their  pituitary  glands,  therefore,  on  account  of  the  greater 
oonsumptiuu  of  nutritive  juice,  are  more  moist,  and  the  very 
openings  through  the  sphenoid  atid  petrous  bones  are  more 
palpable,  as  in  the  case  of  the  calf.  In  harmony  therewith  also 
is  the  muscular  development  of  the  gland,  which  derives  its 
supply  of  blood  from  the  carotids  also  tluough  the  rete  mira- 
bile ;  and  hence  iu  most  cases  the  increased  size  of  the  gland. 

002711.  Wfterefafe  Ute  piimim*^/ ylaml  cUmrves  to  he  ctilletl 
tJie  arch-gUtnd,  This  appellation  it  also  deserves  on  this 
ground,  that  it  devotes  its  whole  force  to  the  tran.smissiou  of  the 
genuine  liquids  of  the  brain  in  the  interiors,  and  also  in  the 
exteriors,  of  its  body,  notwithstanding  both  being  so  well  closed 
up;  but  chiefly,  on  this  ground,  that  it  receives  tho  whole  spint 
of  the  brain,  and  couininnicates  it  to  tho  blood,  to  which  it 
thereby  imparts  a  sptieial  quality,  upon  which  quality,  comparx^d 
with  its  quantity,  dejiends  the  life  of  the  whole  of  its  kingdom. 
And  further,  on  this  ground,  that  ail  the  members  of  the  bmin, 
and  also  those  of  the  dura  mater,  their  planes,  axes  flnd  centres, 
and  the  very  botios  of  the  cranium  itself  have  respect  to  that 
gland  as  to  their  final  terminus ;  and  since  it  repels  tlie  ^>i^U'if4( 
of  the  brain,  rather  than  carries  it  abroad,  it  may  deservedly  be 
styled  tlie  arch-gland. 
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603.  The  cavernous  sinuses  arc  also  called  the  receptacles  of 
le  sphenoid  bone,  or  of  the  sella  turcica;  for  the  sphenoid 
me,  towards  the  middle,  has  some  grooves,  as  it  were,  drawn 
ito  it,  and  is  hollowed  out  into  sinuses  [on  its  surface].     On 

either  side  it  blocks  up  these  siuuses  by  the  so-called  clinoid 

rocesses ;  tlie  anterior  of  which  are  sharpened  into  apices,  but 

Le  p<^istenor  ones  form  a  continuous  dam.     In  the  middle  of 

lis  sphenoidal  sella  is  the  sella  turcica  of  the  pituitary  gland. 

lose  grooves  or  fossae  the  dura  mater  lines  with  its  membrane. 

Upon  reaching  the  walls  of  the  sella  it  meets  with  a  production 
nn  the  side,  which  encloses  an  oblong  space,  or,  if  it  bo  taken 
^ther  with  the  enclosed  sella,  an  almost  square  space.     By 
taking   an  injection   it  appears  that  these  sinuses  intercom- 
tunicate.     They  consist  of  a  [cavernous]  substance  almost  like 
int  of  the  spleen,  or  urethra.     As  soon  as  the  carotids  thn)Ugh 
leir    foramina    enter   the   cranium,    they    betake    themselves 
ito  these  sinuses,  and  keep  closely  to  the  wall  of  the  gland,  so 
not  to  allow  there  any  space.     Ou  entering  the  brain,  they 
ind    themselves    tortuously    like    a    plough-tail.     The    third, 
lurth,  and  sixth  pairs  of  nerves,  and  likewise  two  branches  of 
ke  Hfth  pair,  before  leaving  the  cranium  through  their  foramina, 
LS6  through  these  sinuses,  close  to  the  carotids.     The  superior 
trosal  sinuses  near  the  carotids  are  inflected  in  the  shape  of 
le  letter  f ;  the  inferior  petrosal  sinuses  iu  that  of  the  letter/, 
\me\y,  in  the  vicinity  of  that  posterior  part  near  the  produc- 
iiii»  of  the  posterior  clinoid  processes. 
G04.  ViEUSSKNs.' — ^"  Where   the   dura   mater  adheres   most 

'  *•  NcurDgraplii"  triiivi*n*aH»,"' eU'.,  Cap,  II.,  III. 
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closely  to  the  base  of  the  cranium,  namely,  near  the  sella  turcica, 
which  it  lines  everywhere  io  its  interior,  it  is  folded  back  on 
itself^  80  aB  to  pass  off,  aa  it  were,  into  two  caverns,  which,  on 
account  of  their  office  and  situation,  wc  call  the  receptacles, 
placed  near  the  sides  of  the  sella  turcica — the  cavernous 
sinuses.  These  two  receptacles,  to  which  four  sinuses  are 
attached  by  very  conspicuous  months,  are  separated  from  one 
another  by  the  interposition  of  the  pituitary  gland ;  yet  the 
passage  from  one  into  the  other  is  not  altogether  shut  off,  since 
each  communicates  with  the  other  as  well  by  the  upper  as  by 
the  lower  surface  of  the  pituitary  gland.  This  I  observed  with 
my  own  eyes,  and  it  may  be  proved  experimentally  by  injecting 
a  liquid  into  either  of  the  inferior  jwtro.sal  sinuses,  which  are 
adjacent  to  the  sella  turcica;  for  in  that  case  the  injected 
liquor,  even  though  it  be  not  propelled  with  great  force,  will 
be  at  once  carried  from  the  sinus  into  which  it  entered  at 
first,  into  the  other  sinus.  If.  on  examining  the  cavemoua 
sinuses,  the  dura  mater  which  constitutes  their  up|>er  and 
hinder  part  is  cut  away  in  an  antero-poaterior  direction, 
and  is  folded  back  on  either  side,  it  appears  manifestly 
that  within  their  cavities  are  contained  the  rete  mirabilo 
of  Galen  (in  those  animals  where  it  is  found),  the  anterior 
nerves  of  the  fifth  pair,  together  with  the  tnmks  of  the  carotid 
arteries,  which  rise  up  obliquely  with  the  symj>athetic  nerves 
placed  upon  them,  and  which  pass  by  the  nerves  of  the 
third  and  sixth  pairs.  Besides,  the  cavities  of  theso  re- 
ceptacles, in  those  animals  where  the  rete  mirabile  is  more 
extensive,  appear  very  much  larger  than  in  those  where  it  is 
wonting,  or  is  smaller  (p.  7).  .  .  .  Lastly,  the  venous  vessels 
which  emerge  out  \yK  the  sphenoid  bone  open  with  conspicuous, 
though  small,  mouths,  partly  into  the  cavernous  sinuses,  and 
partly  into  the  dura  nmter  with  which  the  buiie  of  tho  same 
sella  turcica  is  lined,  and  they  c*msequeatly  discharge  the  arte- 
rial blood,  which  they  reabsorb  in  the  interior  spongy  substance 
of  the  sphenoid  bono,  partly  into  the  al>ove-nientioned  four 
[petrosal]  sinuses,  and  partly  into  the  cavt'^uolJJ^  siiuisoB.     This 
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^iimy  be  proved  by  the  following  expeiitiu'rit :  If  the  cavernous 
sinuses,  together  with  the  other  sinusfs,  are  opened,  the  vessels 
of  the  rele  niirabile  on  either  side  being  left  intact,  and  if  the 
trunks  of  the  cai'otids,  n  little  above  the  sella  turcica,  ure  lied, 
and  a  blackened  li(|nor  is  injecte<i  into  one  of  the  two  carotids; 
if  then  the  pituitary  glnnd,  near  its  back  part,  is  raised  a  litilo 
with  a  thin  probe,  and  inclined  anteriorly,  it  will  bo  seen  that 
st>nie  of  the  injected  lit^uor  flows  out  of  the  little  uiouths  of  the 
.vessels  which  terminate  in  the  ilura  mater  wherewith  the  base 
»f  the  sella  turcica  is  lined,  and  in  the  inferior  petrosal  sinuses 
•which  are  adjacent  to  it.     If,  after  concluding  this  experiment, 
the  sphenoid  bone  be  cleft  oj)en,  its  interior  substance,  that  is, 
kWherc  it  is  spongy,  will  be  found  somewhat  imbued  and  stained 
;^vith  the  blackened   liquor.     While  this  experiment   is  being 
[carried  on,  only  a  small  portion  of  the  injected  liquor  flows  out 
if  the  interior  substance  of  the  sphenoid  bone,  because  the  blood 
iWhich  is  contained  within  the  vessels,  and  within  the  loose  pores 
)f  that  bpongy  part,  is  cold,  and  a  little  coagulated,  and  tlierefore 
[^obstructs  the  movement  of  the  injected  li(|Uor;  hence  the  in- 
jected liquor  is  tlischargod  only  gradually,  and  in  drops^  from  the 
linteriors  of  the  sphenoid  bone.    On  this  acco\int  we  recommend 
that,  when  any  one  desires  to  try  this  experiment,  he  should 
always  inject  first  a  little  hot  water,  so  that  he  may  not  try  in 
vain.  ...  In  resj>ect  to  the  above-mentioned   experiment,  by 
which  we  demonstrate  the  fact  that  the  vessels,  the  mouths  of 
l^iv'hich  are  discovered  in  the  membrane  lining  the  sella  turcica. 
'arc  little  tubes  bringing  back  arterial  blood  or  veins,  we  have  to 
^•ay  that  it  is  oi'teu,  very  often,  we  do  not  say  always,  tiie^i  in 
rain  in  hunmn   subjects.       For   when  both   carotids  are  tied, 
[about  the  middle  of  the  neck,  and  a  little  above  the  sella  tur- 
Itica,  if  then  a  tepid   liquor   is  injected   into   either  carotid, 
[whatever  portion  of  the  injected  liquor  enters  the  little  arteries 
hich  arc  inserted  in  the  membrane  lining  interiorly  the  csvi- 
;ies  below  the  sella  turcica,  as  we  have  often  observed,  is  con- 
•ey*Hl  into  these  cavities,  and  nothing  of  it  enters  the  little 
eiuM,  the  little  mouths  of  wliich  are  noticed  in  the  membrane 
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liuing  the  middle  of  the  sella  turcica.  The  reason  U,  that  iii 
the  hiunan  subject,  by  the  extinction  of  the  natural  heat  of  the 
parts,  these  little  veins  are  constricted,  and  their  little  mouths 
subside,  and  are  closed  up  (pp.  8-10).  .  .  .  The  four  sinuses  near 
the  sella  turcica  perform  each  their  own  functions,  for,  besides 
receiving  the  blood  which  is  conveyed  to  them  by  the  reins 
which  open  into  their  cavities,  they  intercept  a  certain  aqueous 
humour  which  showers  down  from  the  brain,  and  which  they 
dispatch  towards  the  intenial  jugular  veins.  The  two  caver- 
nous sinuses,  like  the  above-mentioned  sinuses,  are  appointed 
to  receive  blood;  for  they  receive  immediately  the  blood  which 
is  carried  back  from  the  interior  substance  of  the  sphenoid  boue  ; 
nor  do  they  receivesimply  blood,  but,  in  the  manner  of  a  cistern, 
they  receive  als*)  an  aqueous  humour  from  the  brain,  which 
descends  through  the  infundibulum  and  the  pituitary  gland 
into  their  cavities.  The  humour  from  these  sources,  together 
with  the  blood  with  which  it  is  mixed,  is  conveyed  to  the  int'Crnal 
jugular  veins  through  the  mediation  of  the  four  sinuses  adjacent 
to  the  sella  turcica"  (p.  15).  See  also  his  Plates  I.,  IV..  XVII. 
C05.  Ridley.' — **  Vieussens,  it  may  be,  saw  some  part  of 
the  circular  sinus  where  the  other  small  sinuses  enter  it,  which 
is  at  the  back  part  of  the  '  receptacula  sellie  equinse  lateribus 
adjacentia  *  [cavernous  sinuses],  and  thence  he  thought  that 
these  'receptacula'  communicate  with,  and  are  capable  of  per- 
forming, the  office  he  assigns  them ;  namely,  that  of  bringing 
back  blood  from  the  nourishment  of  the  subjacent  sphenoid 
bone,  together  with  the  aquuous  humour  sepurattnl  from  the 
pituitary  gland,  into  these  four  lower  or  inferior  sinuses.  Now 
respecting  these  receptacles  of  his,  namely,  the  '  receptacula 
sella'  cquinip  lateribus  adjacentia,*  it  is  certain  that  they  are 
not  anywhere  existent  in  human  brains,  aocurding  to  the 
descrii»tion  he  gives  of  them,  seeing  that  both  the  third,  fourth, 
the  two  anterior  branches  of  the  Hfth,  as  well  as  its  third  posterior 
one,  together  with  the  sixth  pair  of  nerves,  do  not  only  run 
out  of  the  brain  enclosed  into  so  many  distinct  little  capsulas 

'   '*  Aimloiny  of  th«  Hrain,"  pUv,  Cliap.  V. 
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or  coverings  made  of  the  duru  mater,  during  their  passage 
through  that  part  of  the  bast!  of  the  crauiutu  by  him  called 
*  rtjceptacula/  etc.,  but  even  the  whole  dura  mater,  together  with 
it» membranous  productions  constituting  the  aforesaid  coverings 
of  those  nerves,  in  that  place  clings  closely  to  the  basis  of  the 
subjacent  bone,  that  is,  to  the  external  process  of  the  sphenoid 
bone,  on  its  under  side,  and  to  the  carotid  artery,  which  also, 
above  and  below,  by  it^  born»wed  c<jat,  cliugs  closely  to  the  dura 
mater  on  the  side  turned  towards  the  pituitary  gland,  leaving 
no  room  at  all  for  either  blo<Hl  or  senim  to  be  contained  there^ 
as  he  would  have  it.  Still,  in  thesanie  place  which  he  describes 
for  his  *  receptacles  *  [the  cavernous  sinuses],  in  several  injected 
bodies  I  observed  two  very  fair  and  large  veins,  one  coming  into 
the  cranium  at  the  optic  foramen  from  the  orbit  of  the  eye  [the 
ophthalmic  vein],  and  so  climbing  up  on  the  side  of  the  lateral 
process  of  the  sjtheuoid  bone,  almost  up  to  the  circular  sinus; 
the  other  at  the  foramen  ovale,  which  climbs  up  Ufwu  the  same 
boue  till  it  meets  with  and  joins  the  other,  whence  they  make 
one  short  branch,  which  enters  the  circular  sinus  very  near 
the  place  where  the  otiier  two  inferior  petrosal  sinuses  on  each 
side  descend  down  from  it ;  which,  if  they  should  chance  to  be 
cut  by  accident  in  any  inquiry  made  into  that  part,  might 
cause  an  appearance  \>i  bloud,  ami  thereby  become  an  occasion 
of  the  aforesaid  erroneous  hypothesis.  Neither  is  it  possible, 
granting  there  were  any  such  'receptacles'  [cavernous  sinuses] 
06  he  mentions,  thut  they  should  serve  to  the  end  he  assigns, 
seuing  the  pituitary  gland  is  on  all  sides  enclosed  by  both 
the  dura  and  the  pia  mater  ;  which  first,  notwithstanding  what 
N'ieusseus  says  to  the  contrary,  is  on  all  sides  of  this  gland  of 
a  very  strong  and  equal  thickness ;  yea.  in  that  very  part  where, 
oa  hoM  been  observed  above,  there  is  a  kind  of  a  groove  ma^le 
by  a  certain  duplicuture  of  the  dura  mater,  constituting  the 
anterior  portion  of  the  circular  sinus.  And  if  this  also  were 
granted,  yet  would  the  manner  he  describes  of  the  serum  or 
water  getting  into  these  '  recejitacles,'  which  is  by  percolation, 
render  this  supposition  vcr^'  unlikely,  seeing  it  is  by  no  means 
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conforuiable  to  the  custom  of  nature  in  all  other  parts  of  the 
body  that  arteries  should  deposit  a  serum,  or  aiiytbiug  else  but 
blo(id  (except  what  goes  to  the  nourishment  of  the  part  itself), 
in  any  part,  without  being  furnished  either  with  its  excretory 
or  secretory  ducts,  neither  of  which  was  ever  pretended  to  have 
been  found  here.  And  as  a  thorough  confimiatiou  of  all  this, 
said  is  opposition  to  the  aforesaid  liypothcsis,  I  shall  only  add 
this,  and  conclude,  that  in  several  injections  made  use  of  in 
order  to  find  out  the  use  of  parts,  I  never  found  one  drop 
of  the  tinged  liquors  on  that  side  of  the  carotid  artery  where 
he  had  made  the  situation  of  these  *  receptacles.'  The  use  of 
this  circular  sinus,  in  common  with  the  rest,  is  to  bring  back 
blood  from  all  the  adjacent  parts,  such  as  the  pituitary  gland, 
the  sphenoid  bone  also,  and,  it  may  be,  from  the  rete  mirabile, 
which  in  brutes  is  very  large,  and  therefore  seems  to  require 
the  service  of  this  sinus,  either  mediately  or  immediately,  for 
bringing  back  a  share  of  its  blood,  seeing  the  pituitary  gland 
appears  nowhere  furnished  with  veins  terminating  anywhere 
else  sufficient  to  carry  off  the  refluent  blood  from  this  plexus : 
notwithstanding  Vieussens  says,  on  the  contrary,  that  it  has  no 
veins,  and  therefore  is  forced  to  have  recourse  to  those  small 
branches  of  veins  which  accompany  the  branches  sent  out  by 
the  carotid  artery,  before  it  j^orforaies  the  dura  mater  with  the 
optic  nerves,  or  those  which  go  to  the  gangliform  plexus  of  the 
fifth  nerve,  or  those  coming  out  of  the  sphenoid  bone,  for 
reductory  vessels  to  this  part;  but  with  what  probability  I 
know  not'*  (pp.  44-48),     Consult  also  his  Plate  IL 

COO.  BlANCllI.i — "  On  account  of  the  considerable  distance  of 
the  origin  of  the  lateral  prtKluctious  from  the  sides  of  the  sella 
turcica,  a  certain  large  cavity  is  left  on  either  side  between 
these  j»roductioiis  and  the  .selhk  But  on  account  of  thu  smaller 
distance  of  the  posterior  production  from  the  back  of  the  sella, 
a  small  cavity  is  left  in  the  back  part  between  the  sella  and 
the  same  posterior  production.'  .  .  .  The  trunks  of  the  tntcnwJ 
Thfcatnmi  Aiifttoniii^nm."  Vol. 
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otids  enter  the  cnuiium  after  their  first  skilful  intlections  ia 
the  lower  part  of  the  petrous  process,  or  in  the  osseous  canal 
specially  dedicated  to  them  ;  thence,  after  making  a  second 
inflection,  they  at  once  continue  their  course  along  the  sides  of 
the  sella  turcica,  and  in  close  contiguity  to  the  pituitary  gland, 
from  the  posterior  region  of  that  same  sella  Co  its  anterior 
region,  through  a  certain  peculiar  trough  lengthened  out 
straight,  after  which  they  are  intlectod  a  third  tiitie,  and  pass 
on  either  side  through  a  round  foramen  carved  near  the  margins 
of  the  anterior  processes  which  are  nearer  the  sella;  from  this 
foramen  they  finally  rise  and  continue  their  way  directly  to  thej 
base  of  the  cerebrum.  .  .  .  The  nerves,  however,  ai'e  separated 
from  the  trunks  of  the  arteries  by  a  certain  new  and  highly 
tendinous  expansion  of  the  dura  mater,  in  the  form  of  a  bul- 
wark (cZ«H«^rtt7n)  (p.  345,  i.  i.),  .  .  ,  This  new  and  tendinous 
>roduction  of  the  dura  mater  arises  from  the  anterior,  lower,  and, 
it  were,  beak-like  petrous  process,  and  it  is  produced  thence 
in  the  middle  of  the  so-called  lateral  cavities  transversely  towards 
the  front,  even  to  the  lower  part  of  the  anterior  clinoid  processes* 
In  order,  therefore,  that  this  tendim>us  septum  may  subdivide 
the  bng-like  lateral  cavity  on  both  sides  into  two  partial  cavities? — 
which  division,  however,  is  not  absolute,  since  that  septum  does 
not  reach  up  to  the  top  of  the  bag,  but  only  to  the  middle  of 
le  afore-mentioned  lateml  cavities — it  follows  that  the  lateral 
mties  on  both  sides  in  their  upper  part  are  again  one  and 
common;  that  therefore,  on  opening  the  vault  or  ceiling  above 
the  lateral  cavities,  at  the  first  insjwction  not  only  the  nerves, 
but  also  the  arteries,  are  exhibited  to  the  sight.  The  transverse 
osseous  closiug-up  of  the  cavities  in  question  we  have  observed 
in  several  subjects ;  it  was  covered  besides  with  a  production  of 
the  dura  mater.  ...  I  only  desire  to  add  here,  that  the  sympa- 
thetic pair  of  nerves  formed  by  a  twig  of  the  sixth  pair  and  by 
two  branches  of  the  fifth,  in  the  space  of  the  lateral  cavities 
between  the  iifth  and  sixth  pairs,  from  its  very  ori^n  passes 
over  the  membranous  bulwark  mentioned  above;  that  therefore 
it  is  brought  down  into  contiguity  with  the  carotids;  namely, 
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Uiat  it  enters  its  sheath,  and  that,  unJer  cover  of  this  sheath,  it 
filially  leaves  the  cranium  by  the  same  foramen,  through  which 
this  arterial  trunk  made  its  way  to  the  sides  of  the  sella"  (p. 
346).  In  Bianchi's  Plate,  "the  crura  of  the  posterior  clinoid  pro- 
cesses are  represented,  namely,  the  elongated  heads  of  the  latcnil 
processes  of  this  a]X)physLs,  which  are,  in  addition,  bent  in  a  little 
before,  and  which  send  out  below  a  certain  robust  ligamentous 
pro<luction  which  descends  on  both  aides  to  the  mai|rin  of  the 
petrous  process,  and,  being  connected  to  the  same,  leaves  there- 
fore underneath  itself  a  certain  brood  interval  or  vacuum,  which 
is  between  the  body  of  the  aforesaid  clinoid  process,  and  the 
a|)ex  of  the  petrous  process,  and  which  communicates  imme<li- 
ately  with  the  lateral  cavities"  (p.  347,  s.  s.). 

607.  MoRQAONl.^ — "  It  is  wonderful,  if  it  is  indeed  true,  that 
the  following  words  arc  used  by  so  skilful  and  so  learned  an 
anatomist  [lie  sp«aks  of  Ridley] :  '  Respecting  the  "  receptacula  " 
of  Vieussens.  it  is  certain  that  they  are  not  anywhere  existent 
in  human  brains,  according  to  the  description  ho  gives  of  them. 
For,'  he  mlds  further,  'the  whole  duru  mater  ...  in  that  place 
clings  closely  to  the  basis  of  the  subjacent  bone.'  The  ancient 
anatomists  also  were  aware  that  this  was  not  consonant  with  the 
truth,  as  is  shown  by  Riolan,"  who,  I  find,  acknowledged  're- 
ceptacles *  in  that  region,  which  he  called  '  fossuliv.'  He  says — 
'  After  the  dura  mater  which  encompasses  the  sella  turcica  is 
cut  and  torn  off,  you  will  find  little  grooves  (fumnlce)  filled  with 
innumerable  little  arteries,  which  have  the  appearance  of  a  rete 
mirabile.'  Ridley,  however,  adds,  '  In  several  injections  made 
use  of  in  order  to  find  out  the  use  of  the  parts,  I  never  found 
one  drop  of  the  tinged  liquors  on  that  side  of  the  carotid  artery 
where  Vieussens  had  made  the  situation  of  these  "recep- 
tacles." '  Ortlob,*  on  the  other  hand,  states  that,  on  injecting 
green  wax  into  the  sinuses,  he  filled  on  each  sidt^  certain  largn 

'  "Advers&ria  Antitomtoii/*  vi. 

^  J.  Riol&n,  Jr.  **  AntbropctgruphiA  ex  propriia  et  novis  obvorvaUouibus 
concinnAta."     Paris,  I«I8.     Lib.  IV..  Cap.  2. 

'  J.  Prte«tr.  Urtlub.  "  Histuria  |i«rtium  et  nwonoml*  hominia  Attcuadum 
DfttiEXAm."    Lttipxig.  ](iU7,  4to.     Di«oorUU  :3U. 
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sinuses,  which  I  conclude  from  his  figure  to  liavc  beon  the  very 
'  receptacles.'  But  lest  I  may  not  seem  to  condemn  this 
illustrious  author,  not  having  seen  his  MS.,  and  without  having 
properly  heani  his  cause,  it  seems  better  for  me  to  cou- 
finn  by  my  own  observations  some  other  things  which  follow 
on  the  uses  of  the  sinuses  (Aniraadv.,  vL,  p.  7).  .  .  .  Vieussens, 
yoM  say  [he  speaks  of  Biauchi].  did  not  know  that  third  posterior 
and  transverse  production,  and  consequently  did  not  know 
the  cavity  which  coinnjunicatus  with  the  lateral  cavities.  Still, 
Ortlob'  did  know  that  posterior  cavity,  and  gave  a  drawing 
of  it,  and  he  said  that  this  was  '  a  communication  between  the 
sinuses  which  are  adjacent  to  the  sella  turcica,  and  which  is 
situated  near  the  posterior  prcKicss  of  the  sella.*  He  further  says 
that  •  this  production  may  not  improperly  be  called  the  trans- 
verse or  conciliatory  sinus.'  If  you  perchance  should  ask,  why 
Vieussens  neither  mentioned  those  cavities  which  encompass 
the  sella  'on  its  sides  and  on  the  back,  nor  stated  that,  upon 
inspection,  after  having  been  opened,  they  all  '  represent  an 
inverted  Greek  capital  P/,  chat  is  n,*  you  will  obtain  from  me 
the  following  reply :  that  it  often  perhaps  has  happened  to  that 
most  expert  man,  as  it  has  to  me  with  two  bo<Iiea  within  a 
short  time,  that  this  posterior  cavity  either  did  not  exi.st  at  all, 
or  that  it  was  so  small,  or  again  that  it  was  so  obstructed  by 
the  spoug)%  osseons  substance  of  the  posterior  process  of  the 
.sella  equina — as  I  have  seen  in  the  head  of  a  man  fifty  years 
old — that  he  did  nut  think  that  it  ought  to  be  described  as 
t*qiuJ  with  the  other  receptacles,  or  to  be  clataed  with  them 
(Animadvers,  xviii.,  p.  22).  .  .  .  Besides,  that  which  is  subjoined 
[he  meaus  by  Bianohi]  in  resi>ect  to  the  position  of  the  arteries 
and  nerves  in  the  cavernous  sinuses  is  either  deficient,  or  it 
differs  greatly  from  what  I  have  freijuently  observed  by  diligent 
study.  First,  in  respect  to  the  deficiencies:  It  ought  not  to 
have  been  omitted  that  the  third  pair  of  nerves,  and,  at  its 
exterior  side,  the  fourth  pair,  without  anything  else  being  inter- 
mediate, except  that  very  thin  little  sheath,  were  placed  on  the 


very  tnm  w 

*  thid.^  DiaserUtio  20,  S  0. 
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upper  aiul  posterior  part  of  the  artery.  Again  I  have  not  only 
obaei'vod  this,  and  indeed  many  times,  but  also  that  the  sixth 
pair  is  lying  near  the  exterior  side  of  the  arterv,  being  in 
contact  with  it  for  a  longer  distance  than  the  third  and  fourth 
pairs,  and  without  anything  iutennoiliato ;  so  that  I  am  unable 
to  approve  ia  the  Plate  the  position  which  I  see  the  sixth  pair 
has,  especially  on  the  right  side  of  the  head,  nor  cau  I  give  my 
approval  to  what  is  given  in  the  explanation  which  runs  on 
continuously,  thus:  *The  nerves,  however,  are  separated  from 
the  trunks  of  the  arteries  by  a  certain  new,  and  highly  tendi- 
nous, expansion  of  the  dura  mater,  in  the  form  of  a  bulwark.'  .  .  . 
This  '  bulwark/  or  septum,  however,  although  it  is  soon  called 
*  transverse/  and  is  said  to  be  produced  *  transversely/  neverthe- 
less from  the  description  itself  appears  not  to  ruu  transversely 
through  the  *recpptacula  *  [/.f.,  the  caveninus  sinuses],  but  t<j 
be  disposed  in  them  longitudinally;  and  again  it  appears  not 
to  ascend  to  their  summit,  but  only  to  the  middle,  and  in  many 
cases  finally  it  is  said  to  be  observed  of  an  osseous  quality, 
ahhough  covered  by  a  production  of  the  dura  mater.  I  also 
have  seen  in  some  heads  a  certain  septum,  which  sometimes 
was  osseous  and  at  other  times  firmly  tendinous;  in  many 
cases,  however,  I  have  found  it  either  wanting  altogether,  or 
certainly  so  low  and  small  that  neither  the  use  attributed  to  it, 
nor  the  description  given  of  it,  could  apply  to  it  ai  all.  Supix>sc 
then,  near  the  external  side  of  the  foramen,  through  which  the 
artery  enters  the  cavernous  sinus,  there  is  raised  a  little,  and 
prcMluced  in  an  anterior  direction,  the  very  embankment  of  the 
foramen  by  the  adilition  of  a  substance  which  is  intermediate 
between  a  ligament  and  tendon ;  yet.  as  I  acknowledge  to  be 
true,  this  is  done  so  little  that  it  cannot  affonl  to  the  sixth 
pair,  nor  even  to  the  greater  part  of  the  fifth  pair,  tlie  office  t>f 
a  separating  and  protecting  septum"  (" Aniinad^i'ts./'  xxiii.. 
p.  29). 

COS.  WiNiiLOW.*— "  The  cavernous  sinuses  of  the  sphenoid 
bone  are  receptacles  of  a  j)cculiar  kind,  containing  not  only 

'    *■  All  Aniitoiiiical  KiLfKikitiaii/'  rtc,  Sect-   i. 
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blood,  but  considerable  vessels  and  nerves;  and  likewise  a 
spongy  or  cavernous  substance  tilled  with  blood,  much  like  that 
of  the  spleen,  or  the  corpus  cavernosum  of  the  urethra" 
(Sect.  X,  no.  46). 

h.  The  Sri*/ifr/oA'  Petkosal  S/yrs£S. 


609.  Those  sinuses  have  also  been  called  tho  longer,  but 
smaller  and  more  sleiulcr  sinuses  of  the  base  or  of  the  sella 
turcica;  those  of  the  posterior  petrous  angle;  and  likewise  the 
interior  basilar  sinuses.  They  extend  from  the  cavernous 
sintisps  of  the  sphenoid  bone  to  tht'  petrous  portion  of  the 
temporal  bone,  and  terminate  in  the  latem!  sinuses,  where  they 
are  twisted  into  the  tortuous  shape  of  an  alembic.  They,  there- 
fore, derive  their  blood  from  the  cavernous  sinuses,  and.  at  the 
same  time,  by  the  insertion  into  them  of  many  veins  from  the 
inferior  or  auterior  part  of  the  cerebrum,  which  takes  place  by 
many  orifices.  They  also  progress  in  a  somewhat  triangular 
shape  through  the  duplicature  of  the  dura  mater. 

610.  ViEUSSEXS.' — '*  Four  sinuses  open  into  the  receptacles 
of  the  sella  turcica  [cavernous  sinuses].  These  sinuses  are 
situated  in  that  part  of  the  dura  mater  which  is  spread  over 
the  base  of  the  cranium.  .  .  .  The  superior  sinuses,  traces  of 
which  are  slightly  impressed  on  the  temporal  bones,  with  those 
ends  which  are  turned  towards  the  sella  turcica,  open  into  the 
cavernous  sinuses;  by  their  other  ends  they  terminate  in  the 
lateral  sinuses;  once,  however,  I  found  a  portion  of  them 
impervious"  (pp.  6.  7). 

Oil.  Ridley.* — "The  superior  petrosal  sinuses,  which  are 
longer  and  narrower,  acoordiug  to  Vieussens,  arise  from  the 
cavernous  sinuses,  though  more  truly  from  the  circular  sinus, 
nmning  down  frntn  thence  upon  the  internal  process  of  the 
Tmiiuitinc  in  the  lateral    sinuses 


compon 
42,  43). 


atujg  lu  the  lateral 

'  "Neurographia.**  cto..  Lib.*!..  Tap.  ii. 
•  "AuaWuiy  of  the  Hraiii,"  etc.,  Ch»|>,  V. 
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612.  MoRGAGNi.i — "VieuRsens,  in  his  Plate,'  U  careful  not 
to  represent  the  part  of  the  superior  petrosal  sinus  nearest  to 
its  end  wider  than  the  rest.  I  also  in  six  heads,  which  I  care- 
fully inspected,  could  not  see  it  enlarged,  except  in  one  single 
sinus,  and  this  was  partly  obstructed  by  some  fibrils,  as  it  were 
woven  into  nets,  ascending.  In  five  heads,  however,  and  also  in 
many  others,  so  far  from  its  being  larger,  I  really  found  it 
sjualler;  nay.  in  two  of  them  the  end  was  actually  blind  or 
impervious.  The  other  end,  however,  which  is  inserted  in  the 
wall  of  the  lateral  sinus,  in  one  case  I  found  consisting  of  two 
small  orifices,  and  in  another  of  one  only,  but  the  opening  of 
which  was  larger.  This  was  the  way  of  the  blood  into  the 
lateral  sinus ;  on  which  account  I  am  inclined  to  believe  that 
such  also  must  have  been  the  case  with  Vieussens'  subject  in 
which  he  found  one  of  the  two  sinuses  impervious  at  the  same 
end;  which,  iia  he  said,  happened  to  him  only  once"  (p.  85). 

C13.  BiANCHi.^ — "The  narrower  and  longer  of  the  sinuses, 
placed  in  the  base  of  the  cranium,  derive  their  immediate  origin 
fron»  the  cavernous  sinuses  almost  nnder  the  angle  which  arises 
from  the  meeting  of  the  productions  of  tlie  dura  mater  They 
run  out  thence  in  an  oblique  direction  over  the  petrous  portion 
of  the  temporal  bone,  into  which,  on  that  account,  is  imprinted 
a  groove  corresponding  to  their  jjassage.  Although  this  sinus 
measures  a  considerable  length  before  reaching  the  top  of  tlie 
petrous  portion,  it,  nevertheless,  falls  down  again,  and  inserts 
itself  into  the  lateral  sinus,  where  this  is  tirst  bent  over  the 
temporal  bone  in  its  progress  towards  the  beginning  of  the 
jugular  veins."  See  his  Plate  in  Manget'a  "Thoatmm  Ana- 
tomicum ; "  *  and  especially  also  Ridley's  second  plate,  where  he 
deduces  its  origin  from  his  circular  sinus  ;^  likewise  Vieusaeus' 
Plate  XVII.'*     This  represents  the  continuation    both  of  the 

*  '*  Adver*.  Anat,'*  vi.  ;  Aniiuadvora.,  xxvlii. 
>  Plate  XVII.,  p.  03. 

■  "  L>emoi»tratio  Aniitomica  F.  M.  Nigriaollo  conflcriptl^**  1715,  in  MuigetV 
^'Theatrum  ADAtomicam."  Vol.  U.,  p.  347.  dos.  S.  8.  uid  10. 

•  Ihid.^  Vol.  1.,  p.  3Vi,  Tabula  ('.,  cx/ra  ordiiitm. 

■  "Anatomy  of  the  Uraiu,**  etc.;  Appcndiji,  Figure  U. 

■  ^'Kettrogtmpbi&,"  etc.,  p.  03. 
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superior  and  inferior  petrosal  sinuses  by  the  curve  where  the 
sixth  pair  of  the  ncn'es,  together  with  the  carotids,  crosses  the 
c-averaous  sinuses.  Moiyjagnl  declares  that  "in  seven  heads 
he  obser%-cd  tiiost  clearly  that  the  fifth  pair  does  not  pass  over 
l\\\:  beginning  of  the  superior  sinus,  but,  on  tho  contrary,  that 
the  begiuning  of  this  sinus  passes  over  the  trunk  of  the  Bf^h 
pair/'* 


c.  The  Infer wk  Fetkosal  SfA^trsss. 

4.  These  sinuses,  which  are  also  called  the  inferior,  interior, 
larger  but  shorter,  petrous  sinuses  of  the  sella  turcica,  or  those 
of  the  crura  of  the  sella,  start  from  the  sides  of  tho  cavernous 
sinuses  or  of  the  receptacles  of  the  sella ;  or,  according  to  Ridley, 
frora  the  circular  sinus ;  and  they  ruu  out  thence  between  the 
sphenoid  and  temporal  bonca  They  become  larger  on  the  way, 
and,  being  but  slightly  bent,  seek  those  petrous  reservoirs  into 
which  the  lateral  sinuses  discharge  themselves  with  a  view  of 
entering  the  jugular  veins.  These  sinuses,  together  with  the 
superior  petrosal  siuuses,  and  the  bent  portion  of  the  lateral 
sinuses,  separate  that  part  of  the  cranium  which  tends  towards 
the  temporal  bone,  almost  as  an  island  from  the  remaining 
continent,  and  also  from  the  occipital  and  sphenoid  bones.  In 
this  island  the  seventh  pair  of  cranial  nerves,  the  auditory  nerve, 
leaves  the  cnuiiul  cavity  and  enters  the  temporal  bone. 
Thither  also  reaches  the  extreme  end  of  the  tentorium,  and 
thence,  as  from  a  Bxed  station,  it  extends  towards  the  sella 
turcica  and  the  cavernous  sinuses. 

G15.  ViErssENS.^ — "  The  inferior  petrosal  sinuses,  whose 
traces  are  deeply  irnprinteij  upon  the  temporal  and  sphenoid 
bones,  with  one  of  their  extremities,  open  into  the  cavernous 
fiinuses.  and  with  the  other  thoy  enter  into  tho  jugular  veins, 
where  the  lateral  sinuses  pass  into  them,  and  from  these  they 


'  '•  Adversaria  Anatomic*,"  vi.  ;  "  AiiiuiaiWerB.,"  xxi.,  p.  27. 
-  •*NeurogrAphia,"ctc.,  Lib.  I.,  Cap.  ii. 
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are  separated  partly  by  a  bony  and  partly  by  a  membrauous 
partition  "  (p.  7). 

G16.  Ridley.* — "The  inferior  petrosal  sinu.sps,  which  arc 
much  shelter  and  wider  than  the  others,  descend  from  the  same 
place  as  the  superior,  between  the  temporal  and  occipital  bones, 
down  to  the  aforesaid  foramen  of  the  cranium  where  the 
jugulars  come  up,  and  end  there  '*  (p.  43). 

G17.  BlAXCHl.' — "The  inferior  petrosal  sinus  derives  its 
beginning  on  both  sides  from  the  cavernous  sinuses,  exactly 
under  the  crura  of  the  posterior  clinoid  processes  of  the  sella 
turcica;  it  runs  out  thence,  immediately  on  the  place  where  the 
sphenoid  bone  is  articulated  with  the  petrous  process,  where 
there  is  also  a  kind  of  furrow  made  for  its  passage.  It  is,  how- 
ever, much  lower  than  the  other,  almost  like  a  serpent  lying  at 
the  bottom  of  the  posterior  side  of  the  petrous  process ;  while 
the  other,  the  superior  petrosal  sinus,  occupies  the  terrace  of  the 
same  process.  .  .  .  Though  the  lateral  sinus,  after  its  first  curve, 
deacends  inwards  towards  the  centre  of  the  cranial  cavity,  it 
nevertheless  is  inflected  there  a  second  time,  and  ascends; 
finally,  however,  it  descends,  and  leaves  the  cranium  on  both 
sides  through  an  ample,  open  foramen.  Between  tbe  petrous 
portion  and  the  occipital  bone,  cmt  at  the  base  of  the  posterior 
surface  of  the  same  petrous  process,  it  is  previously  enlarged  into 
a  sort  of  lacuna,  which  is  rpceived  in  a  peculiar  bony  fovea, 
called  [by  some]  the  specus  rotunda.  Soon  it  sends  out  back- 
wards on  both  sides,  from  the  posterior  side  of  each  lateral  sinus, 
the  vertebral  vein  which  is  about  to  enter  the  vertebral  specus 
[plexus],  and  at  last  the  whole  lateral  sinus  is  wedded  with  the 
beginning  of  the  internal  jugular,  and  runs  with  it  into  one 
cliaimel.  For  carrying  back  to  the  heart,  by  means  of  the 
lateral  sinuses  and  the  internal  jugulars,  the  liquids  collected  in 
the  cavernous  sinusi^s  at  either  side  of  the  sella  turcica,  and  for 
conveying  them  thither,  there  aro  thus  given  four  emissary  vessels, 


'  "  Anatomy  of  the  Bmin,"  C«p.  V. 

•  '*  Detnonstmtio  AnatomiuA,"  etc.,  1715,  in  iUugct'a  "Tkcatruin  Aoatonii- 
ijuin,"  Vol,  11.,  j.p.  347,  348,  uo«.  g.  g.  luid  U. 
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or  foiir  siuuscs,  which  communicate  immediately  with  these  same 
cavernous  receptacles ;  the  former  carry  away  from  the  latter  its 
liquid  couteats,  iu  order  that  the  himiours  which  are  deposited, 
or  which  trickle  into  these  cavities,  of  which  there  is  one  at 
either  side  of  the  aolla,  and  which  are  exhausted  of  their  uses, 
and  therot'ore  sluggish,  may  return  into  circulation  more  swiftly 
and  easily,  and  without  danger  of  delay  and  coagulation."  See 
the  Plates  referred  to  above,  and  likewise  that  of  Valsalva  re- 
specting the  ear. 

61b.  MoRaAGNL^ — "'  Vieussens  was  quite  right  in  representing 
the  sixth  pair  of  nerves  at  the  external  side  of  the  inferior 
petrosal  sinuses.  I  only  could  have  wished  that  he  had  drawn 
the  sixth  pair  of  nerves  along  the  same  external  side,  and  as 
received  within  the  cavity  of  these  same  sinuses,  and  passing 
ou  for  some  distance,  as  I  have  seen  in  many  heads  "  (p.  27). 


d.  The  Circular  S/yc/s, 


61D.  The  circular  sinus,  which  nins  around  the  pituitary 
gland  and  the  sella  turcica  almost  in  the  furm  of  a  circle,  was 
first  discovereil  by  Rldlty,  who  describes  it  in  the  following 
words:-  "By  having  first  injected  the  veins  with  wax,  I 
discovered  another  siuus  ruuuiug  round  the  pituitary  gland 
<ju  its  upper  side  forwards,  within  a  duplicature  of  the  dura 
mater  backwards  between  the  dura  mater  and  pia  mater. 
Here  it  is  somewhat  loosely  stretched  over  the  subjacent 
gland  itself,  and  laterally  it  is  u  sort  of  canal,  made  up  of 
Uie  dura  mater  above,  and  the  carotid  artery  on  each  outer 
aide  of  the  gland,  which,  by  being  fastened  to  the  dura  mater 
above,  and  below  at  the  basis  of  the  skull  too,  leaves  only  a 
little  interstice  between  itself  and  the  gland,  thereby  constitut- 
ing a  cavity  conmmuicating  with  the  aforesaid  arteries  (from 
whence  the  above-mentioned  four  small  sinuses  descend)  by  a 
visible  continuity,  on  each  side,  from  a  little  beneath  the  hinder 

>  '*AdvenwLria  Auatomica,"  vl  ;  **  Auimftdvenio,"  xxi. 
•  '•  Anatomy  of  the  Uraia,"  Chap.  V. 
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process  of  the  sella  turcica.  .  ,  .  Vieuiwens,  it  may  be,  saw  some 
part  of  this  sinus  where  he  thought  that  the  cavernous  sinuses 
communicnted.  .  .  .  The  use  of  this  circular  sinus  is  to  bring 
back  the  blood  from  the  pituitary  gland,  the  sphenoid  bone, 
and,  it  may  be,  also  from  the  rete  mirabilo,  seeing  the  j)ituitary 
gland  appears  nowhere  furnished  with  veins  to  carry  off  the 
blood  from  this  plexus"  (pp.  43,  4-1'.  49). 

620.  Blanchi  impugns  and  denies  the  existence  of  this  sinus, 
observing  that  "  the  dura  mater  in  the  anterior  region  of  the 
pituitary  gland,  or  above  tlio  anterior  processes  of  the  sella 
turcica,  is  not  duplicated,  but  simple,  so  that  no  sinus  can  be 
concealed  in  it.  In  reality,  when  the  dnni  mater  is  scraped  off 
in  this  place  only  very  lightly,  the  ban;  bono  underneath 
at  once  appears  everywhere.  Between  the  gland  and  the 
anterior  elevation  of  the  sella  there  is  no  space,  nor  is  there 
any  communication  between  the  lateral  pans  of  the  sella.  On 
the  back  of  the  gland,  however,  no  space  is  found  between  the 
dura  and  pia  mater;  consequently,  also,  no  pia  mater  is  there, 
and  therefore  this  sinus  has  been  confounded  with  the  cavernous 
sinuses.  The  dura  mater,  also,  which  covers  the  cavernous 
sinuses  at  the  side  of  the  gland,  is  exceedingly  thin,  and  by  no 
means  duplicated ;  and  if  it  is  but  slightly  dissected,  it  at  once 
opens  an  access  to  the  cavernous  sinuses."  ' 

G21.  Monjatjn't  ^  replies  to  these  arguments  thus  :  "  Brunner, 
in  his  dissertation  concerning  the  pituitary  gland,  wrote  about 
thirty  yeara  ago  that,  on  dissecting  the  human  head  with  a 
syringe,  he  injected  red  wax  into  one  of  the  two  jutrulara,  the 
other  having  been  tied  ;  that  the  wax  penetrated  s]>leudidly  as 
hx  aa  the  pituitary  gland,  which,  on  its  anterior  side,  it  encom- 
passed like  a  crown.  This  sinus  also  was  drawn  by  Cowper's 
own  hand,  and  in  his  Ai»pendix  to  the  '  Anatomy  of  the  Human 
Body '  he  distinctly  represented  a  circular  sinus  or  a  vein  which 
encircled  the  gland.     Littre  also  writes  that,  between  the  thick- 


1  **  DemoDjitrfttio  Anatoroicft,"  etc,  ITIS.  ui   Mang«t'a   **Thi»atruni   Aim- 
toiitictim,"  Vol.  II.,  p.  343,  nn.  a.  &. 

'  •'  AJvermaria  Anatoniic.i,"  iv.  ;   "AniniAJrorfio."  x\x. 
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jss  of  the  superior  lamina  of  the  dura  mater,  which  covers  the 
flla  from  above,  a  sinus  of  an  oval  shape  cuuKl  be  observed,  by 

wliich  the  superior  portion  of  the  pituitary  gland  is  encircled, 
111   into  which   a  portion  of  the  veins  of  the  sume  gland  is 

lerived  ('M^moircs  de  I'Acad  R.  dea  So./  1707,  p.  308).  I 
lyseif,  before  removing  the  dura  mater  by  which  this  gland  is 
ivered,  observe^l  a  not  obscure  outline  of  aa  annular  vessel, 
'hich,  with  its  blood-colour,  shone  through  that  part  of  the  dura 
later,  and  around  the  sujK'rior  circumference  of  the  ^land;  and 
noticed  this  so  often,  that  out  of  nine  heads  there  were  only 
'o  in  which  I  could  not  see  it "  (p.  24). 


[Modern  Authors. 

(u  The  Ca^'ernou^  SisvsES^ 

621 «.   Haller.' — "37*4?  cai^vaoMB  »in\is  tuar  Vie  aidea  of 

\e  sella  turcica. — At  either  side  of  the  sella  turcica  the  ex- 

rnal    lamina  of  the  dura  mater  retreats   from  the  internal 

amina  to  a  certain  distance,  namely,  from  the  very  declivity 

f  the  sella  to  the  foramen  through  which  an  artery,  coming 

from  the  external  carotid,  penetrates  as  far  as  the  dura  mater. 

Tlie  figure  of  the  cavernous  sinus  is  almost  triangular.     One 

side  of  this  triaiide  is  formed  bv  the  first  nerve  from  the  fifth 

pair ;  its  second  side  by  the  clinoid  process ;  and  Its  thin!  side 

y  a  very  small  ligament  of  the  dura  mater,  which  is  very  strong 

nd  rounded  off,  and  is  carried  from  the  petrous  bone  to  the 

linoid  process.     Blood  of  a  venous  character  is  contained  in  the 

whole  of  this  cavity,  together  with  some  cellular  tissue.     This 

lood  is  brotight  by  four  or  five  anterior,  inferior  veins  of  the 

)bc-s  of  the  cerebrum,  which  descend  from  the  Sylvian  fissure. 

tmctiuics  I  have  seen  them  inserted  in  the  superior  petrosal 

ions.     The  ophthalmic  vein  also  betakes  itself  into  the  caver- 

ous  sinus  out  of  the  orbit  of  the  eye ;  climbing  over  the  optic 


•  Ilftllef  (Albert  v.).     "Klementii  FhysiologiiB  eorporu  humwii."    8  VoU, 
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nenre,  where  it  emerges  out  of  the  orbits,  it  communicates  with 
the  facial  rein.  Before  the  ophthalmic  vein  approaches  the 
eje,  a  not  insigniticant  branch  departs  thence  towards  the  dora 
mater,  as  an  attendant  of  the  meningeal  artery.  I  hare  seen 
the  ophthalmic  vein  empty  into  the  circular,  and  not  into  the 
cavernous  sinus. 

"The  superior  petrofial  sinus  opens  into  this  receptacle  at 
the  anterior  side  of  the  fifth  nerve ;  the  inferior  petrosal  sinus 
under  the  ligament  which  springs  from  the  dura  mater  (which 
was  noticed  above)  before  the  nerve  of  the  sixth  pair;  the 
circular  sinus  under  the  third  pair  and  above  the  sixth  pair, 
between  tlie  posterior  clinoid  process  and  the  uer\^e  of  the  third 
pair ;  the  anterior  occipital  or  transverse  sinus  near  the  exterior 
and  interior  side  of  the  carotid  Lastly,  the  blood  of  the 
receptacle  follows  the  carotid  through  its  entire  first  transverse 
flexure.  The  internal  carotid  is  bathed  in  the  receptacle  by 
much  blood,  as  is  also  the  case  with  the  nerve  of  the  sixth  pair 
and  the  great  sympathetic  nerve.  A  proper  lamina,  which  is 
generated  from  the  dura  mater,  and  descends  under  the  origit 
of  the  superior  petrosal  sinus,  separates  the  fifth  nerve  from  the 
receptacle.  This  same  lamina,  which  is  inseparably  connected 
with  the  ophthalmic  nerve,  separates  this  nerve  from  the 
remaining  portion  of  the  receptacle;  and  at  last  it  passes  off 
into  a  cellular  tissue.  To  a  certain  distance  also  the  dura 
mater,  which  is  produced  out  of  the  carotid  foramen,  fences  off 
the  carotid  artery  from  the  receptacle.  The  thinl  and  fourth 
nerves  are  carried  along,  above  the  receptacle,  untouched  by 
blood"  (iv.,  p.  154,  ei  8cq.). 

6216.  Bell.* — "Tlie  cavernous  sinus  is  a  great  irregular 
centre  of  communication  with  the  lesser  sinuses  in  the  base  of 
the  skull.  This  sinus  is  sunk  upon  each  side  of  the  sella  turcica, 
and  is  formed  in  the  irregular  s])litting  of  the  lamella  of  the 
dura  mater.  It  is  of  a  triangular  shape.  It  extends  from  the 
sides  of  the  selhi  turcica  to  the  foramen  spinale  (Malacame), 

>  Boll  (Sir  Chnrlw).  *'The  .Anatomy  and  Physiology  of  the  Brain  And 
NtTTM,  the  Organs  of  the  8eusea,  ami  the  Vitccrn."    Fourth  Editioo  ;  1516. 


THEIR  STRUCTURE. 


»ST 


The  pointed  extremity  of  the  tcDtotium,  which  extends  forwanls 

from  tlie  angle  of  the  petrous  bone  to   the  posterior  cliuoid 

[process,  covers  and  protects  it.     The  cavernous  sinus  is  dift'erent 

from   all    the  others.     It   is   irregular,   haWng   fibrous   cords 

[traversiug  it,  which  gives  it  a  kind  of  cellular  appearance.     It 

is  like  a  diseased  part  into  which  the  blood  has  been  driven, 

:ill  the  cellular  texture  had  been  distended  and  partly  destroyeil. 

lAfter  a  minute  injection,  small  arteries  are  seen  to  ramify  among 

fthese  fibres.     The  internal  carotid   rises  through   it.  and  the 

sijcth  pair  of  nerves  is  involved  in  it.  in  their  passage  from  the 

tikull. 

"This  sinus  is  the  centre  of  the  little  sinuses  and  veins  of 
the  anterior  part  of  the  ba^e  of  the  brain  and  cranium.  Four 
or  five  veins  pour  their  blood  into  it,  from  the  anterior  lobes  of 
the  brain  and  the  fossa  SylviL  Sometimes  [?]  even  the 
ophthahnic  veins  open  into  this  receptacle.  The  superior  and 
inferior  putrous  sintises,  and  the  basilar  [transverse]  sinus,  open 
into  it  behind,  the  circular  before;  the  sphenoidal  sinuses  and 
veins  of  the  dura  mater  upon  the  side;  while  tht^  right  aud 
left  sinuses  often  communicate  by  means  of  the  transverse 
rinus.  Besides  these,  the  cavernous  sinuses  have  several  com- 
munications, or  emissaria,  as  they  are  called,  viz.,  by  the  inferior 
orbitary  foramen ;  the  funnel  of  the  carotid,  through  which 
descends  a  vein  (the  vtna  sodalia  caroHdls),  which  terminates 
in  the  pter}'goid  plexus  of  veins;  the  sphenoidal  fissure;  the 
interosseous  sinus  of  Malacame  ^  (the  *  Emissaria  of  Sautorini,' 
see  '  Observationes  Anatomicee,'  p.  42,  et  aeq.)"  (Vol.  II., 
p.  429). 

621c.  Theile." — '*  Sinus  cavemoeua. — This  sinus  is  situated 
^along  the  side  of  the  sphenoid  bone,  between  the  anterior  and 
Iposterior  clinoid  processes.  When  filled  with  an  injection  its 
iidxe  amounts  to  four  lines.     Its  entire  cavity  acquires  a  cellular 


*  Th«  emiwary  veaacla  of  the  cavcmoos  sinnies  will  be  fonnd  fully  (Uftctmed 
In  tho  ApfH'ntUx,  Not«  vi.,  nnit.  40-52.— Emtob. 

"  Theilc  (F.  W.).  **  I^hrc  von  den  Miukoln  und  GefaMen  dca  raenflchlichen 
Kiirpert.  '*  In  SomiiR'riug'i  ' *  Vom  Bane  d«fl  ni eDscUlichcn  Korpera.  ** 
Leipdg.  IHl. 
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appearance  from  the  fact  of  numerous  fibrous  and  filamentous 
cords  boiun;  stretched  out  in  it.  Enclosed  in  its  cavity,  although 
lined  by  a  covering  of  the  interior  venous  coating,  lies  the 
interior  carotid,  with  the  plexus  caroticus  and  the  nervus 
abduccns.  The  cavernous  sinus  carries  blood  in  an  antero- 
posterior direction.  Tbis  blood  is  received  behind  by  the  sinus 
petrosi.  Through  the  foramen  ovale  and  the  foramen  auterius 
lacerum  the  sinus  cavcmosus  is  connected  with  the  pterygoid 
plexus. 

"It  receives  its  supply  from  the  following  sources: — 1,  the 
vena  ophthalmica — the  interior  vena  ophthalmica  corresponds 
altogether  to  the  artery  bearing  the  same  name  ....  2,  the 
sinus  sphoDo-parietalis,  .^inus  alie  parvae;  3,  the  vena  foesaa 
Sylvii*  .  .  .  HoIUt  already  delineated  a  vein  which  empties 
into  the  siuus  cavemosus,  which  cannot  be  any  other  than  the 
vena  fossa.*  Sylvii,  and  he  characterizes  it  as  a  constant  bnuich. 
On  the  basis  of  my  own  investigations  I  must  declare  myself 
entirely  in  favour  of  Haller's  statement,  which  is  also  the 
generally  prevailing  one.*  4,  the  sinus  circuhiris  RidleyiL — The 
sinus  cavemosi  of  both  sides  frequently  communicate  by  a 
transverse  canal,  wliich  has  its  course  under  the  pituitary  gland 
(sinus  circvdaris  inferior,  Wlnslow)"  (p.  272). 

62\il.  LuscHKA.*— "The  anterior  smaller  end  of  the  sinus 
cavemosus,  which  was  formerly  called  the  '  ophthalmic  sinus,* 
represents  the  expanded  end  of  the  vena  ophthalmica,  which 
empties  into  the  sinus  cavemosus  interiorly  ot  the  uervus  oculo- 
motorius,  under  the  anterior  clinoid  process.  This  venous  vessel 
corresponds  to  the  artery  bearing  the  same  name,  and  accord- 
ingly is  the  recipient  of  the  blood  of  the  eye  through  the  vena? 
ciliares  and  vorticosae.  . .  .  Posteriorly,  the  sinus  cavemosus  is  con- 
tinued chiefly  into  the  superior  petrosal  siuus.  The  space  of  the 
pinus  cavemosufi  is  considerably  reduced  in  size,  on  account  of  the 

'  The  v«M«lf  through  which  the  careniutu  imua  receirea  its  supply  of 
vcnoat  bt'Hjd  are  niinuUily  dbcuiucU  in  the  Appendix,  Note  vl.,  nua.  44-47.-* 

Kl>fTUR. 

'  Liiachka  (K.  von).  "  Die  Auatomle  Aet  MeuftchtiD»"  etc,  Bd.  iii,  Abtb. 
8,  '^  Dtf  Kopr."    Tiihiiigeii,  1867. 
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carotid  interna  with  two  of  its  bends,  together  with  the  plexus 

curoticus  iDteruus  by  which  it  is  encircled,  and  the  uorvus  abdu- 

D8  which  presses  against  its  outer  side — having  assigned  their 

places  in  it.     These  parts,  however,  are  not  immediately  bathed 

with  blood,  but  they  have   a  delicate  membranous  covering, 

which  must  be  regarded  as  a  portion  of  the  venous  coating  of 

the  sinuB.     This  venous  space,  besides,  is  crossed  by  a  delicate 

yatem  of  txabecuke,  by  which  the  sinus  is  broken   up   into 

oin|jartuients.     The  coinpoiuait  parts  of  this  trabecular  system, 

which,  to  some  extent,  contains  least  vessels  and  nervous  fibres  of 

the  sympathetic  nerve,  consist  of  cellular  tibrils  and  elastic 

^wfilaments. 

^H    '^Two  sinuses,  which  have  hitherto  been  regarded  as  special 

^Minuses,  may  be  defined  as  branches  of  the  sinus  cavernosus, 

^Kiamely,   the  ainiis    sjihemi-jHirieUdiB    or  sinus  tilie  ]Mirvu!j 

^"■which  has  been  described  by  Ereschet.'     This  sinus  is  embedded 

in  a  grtiove,  at  the  lower  end  of  the  ala  parva  of  the  sphenoid 

bone,  which  extends  to  the  anterior  extremity  of  the  sinus 

^■cavernosus.     It  receives  the  vena  diploica  temporalis  anterior. 

^■and,  almost  without  exception,  is  connected   with   the   vena 

meuiugea  media.      At  the  extreme  end  of  the  fissure  of  the 

superior  orbit,  according  to  Hyrtl,''  there  empties  into  Breschet*8 

sinus    not   unfrequently    a    vein — vena    ophthalmo-mcningea 

— which   extendi  fnjin  the  fissure   of  Sylvius   to   tlie   above 

fissure. — Secomlh/,  the  so-called  i*iiius  ca)-ot'tcn^  (Rektorzik)^ 

ust  be  regarded  as  an   appendage  of  the  sinus  cavernosus. 

he  lacuna*  of  this  sinus  are  pushed  in  between  the  carotid 

tema  and  the  walla  of  the  canal,  and  therefore  allow  modifi- 

ttons  in  the  lumen  of  the  carotid  even  during  its  sojourn  in 

*  Bresohet  (M.  O.).     "  Rechercliea  unatomiquea  lur  le  syetcnie  veineux," 

T.  ii,  pi.  3. 

'  III  "Oeaterreichische  ZetUohrift  fttr  praktuche  HeUkunde."     Jahrg&ng 

Witm,  1H59;  p.  768. 

'  Roktorzik  (K.).     "  Uuber  ilu  Vorkommen  eiiies  Sinna  renoaui  im  CaiuiUa 

rnticus  (Icfl  Meuichen."     Wien,  1808.     Tin's  sinus  was  first  discovered  and 

«cnh«dby  .^a»ronmin  hifl  '^Oltservationeii  AnntoDiiciL*,"  Venice,  17^24.     The 

UUtry  ut  ttiU  aiuus,  au«l  iU  fuuctiou,  will  be  louud  miuutcly  discaued  in  tlie 

IS,  Note  vi.,  Qo.  49.— Editor. 
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said  canal.  At  the  apex  of  the  petrous  bore  the  lacunar,  of  said 
sinus  are  connected  with  the  sinns  cavernosus,  and  towards  the 
entrance  of  the  carotid  canal  thcj'  gradually  unite  into  several 
veins  which  omptyiiito  the  vena jngnlaria  interna"  (p.  \T\\,piBeq\ 

621r.  Lancer.* — This  observer  made  careful  injections  of  the 
cavernous  sinuses  and  their  venous  connections  with  a  resinous 
substance;  and  afterwards  removed  the  animal  tissues  by  cor- 
rosion, that  is,  by  treating  them  with  acids  and  macerating 
thcra  in  water.  He  thus  obtained  pcricct  casts  of  these  sinuses 
and  their  connections.  These  cast3  form  the  basis  of  his 
observations.  He  says,  "  lu  investigating  the  sinuses,  especially 
those  which  are  situated  at  the  base  of  the  cranium,  it  is 
essential  to  make  use  also  of  the  heads  of  young  subjects,  and 
even  those  of  newlv-bom  infants ;  and.  indeed,  for  this  reason, 
because  later  in  life  and  especially  in  old  age.  originally  slender 
an<l  venous  canals  become  very  generally  sinuous,  and  by  cou- 
fluence  even  form  large  spaces  and  lacunnp,  which  no  longer 
correspond  to  the  original  plan  according  to  which  they  had 
been  fonned. 

"  The  sinus  cavernosus  is  usually  represented  as  an  irregularly 
bounded  space  which  is  traversed  by  trabeculiP,  and  which,  es^je- 
cially  in  sections,  presents  to  the  sight  a  system  of  contiTuious 
laounte.  The  greater  the  number  of  the  trabecular,  the  more. 
consetjuontly,  the  space  is  broken  up.  and  the  greater  the  like- 
ness which  it  bears  to  a  corptis  caveniosum.  This  form,  however, 
18  by  no  means  the  general  one ;  certainly  not  in  the  case  of 
adults,  and  least  of  all  in  old  age.  The  number  of  trabeculm 
then  IS  small,  and  the  sinus,  consequently,  presents  then  the 
form  of  one  large  lacuna ;  quite  different  from  what  is  the  cose 
in  childhood :  for  then,  when  the  sinus  is  laid  open,  there  never 
appears  a  largo  space,  but  rather  a  sinuous  tissue,  which  is 
traversed  by  numerous  trabcculic*.  .  .  . 

*'  If  now  wo  hold  fast  to  the  similarity  of  the  sinus  cavernosus 


'  Longer  (Pmf.  K.  t.}.    Ths  sinus  oavcrnosos  of  the  dura  mater.    (SltzacgK- 
bcriuhte  tier  KuUerl.   Akad.  der  AV)aioii»chBft.     Johrgicg,    16A5.      Drin« 
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to  a  cuq^us  cavornosuin,  which  can  scarcely  be  doubted — the 
question  hero  arises  of  a  venous  network,  which  originally,  in 
the  child,  exists  purely  in  this  form ;  but  which  by-and-by 
through  ago,  and  indeed  by  a  process  of  confluence,  becomes 
sinuous.  In  ordur  to  prove  the  existence  of  such  a  network,  we 
require  casts  obtained  by  corrosion  ;  not,  indeed,  casts  obtained 
from  the  sinuses  of  a^hdts.  From  that  source  they  are  indeed 
found  tu  be  articulated  by  trabecular,  which  at  one  time  arc 
flattened,  and  then  again  round,  and  between  them  there  exists 
also  a  certain  connection ;  yet  the  regular  form  of  a  network 
|oan  be  traced  there  only  with  difficulty.  It  is  different  in 
infautile  subjects,  which,  for  the  following  reason  also,  are  more 
favourable  for  experiments  of  this  kind  ;  namely,  their  circum- 
ference being  smaller,  there  is  a  possibility  nf  their  being  filled 
with  one  injection  at  once.  In  successful  casts  the  origiual  net 
of  the  sinus  cavemosus  may  thus  be  seen  freely  in  its  full 
originality  and  purity ;  these  casts  also  permit  us  to  examine 
jmorc  accurately  the  inflowing  and  outflowing  veins. 

"  The  first  thing  with  which  we  arc  struck  in  such  prepara- 
tions is  the  fact  of  tht.*  sphenoid  bone  and  the  entire  clivus  being 
^covered,  as  to  their  surface,  with  dense  venous  nets.  An  cxcep- 
ion  is  made  in  favour  of  the  free  margin  of  the  back  of  the 
?lla,  with  its  clinoid  processes,  which  always  remains  denuded 
|of  such  plexuses. 

"  In  this  net  there  may  be  distinguished  a  superficial  layer, 
which  consists  of  more  slender  vascular  tubes,  the  meshes  of 
which  are  not  too  close,  and  which  spreads  out  leaf-like  along 
the  sides  of  the  sella,  aud  may  bo  traced  into  every  direction, 
especially  into  the  tentorium,  by  the  way  in  which  it  is  fastened 
to  the  back  of  the  sella.  Smaller  portions  of  this  net  accom- 
pany also  both  petrosal  sinuses,  and  even  the  intercavernous 
fiinnsf'S.  It  spreads  out  also  in  the  fibrous  roofing  of  the  sinus 
Mockelii  for  the  gauglion  of  the  trigeminus. 

"  Iji  this  superficial  layer  of  the  net  there  is  imbedded  the  ner- 
vnsoculomotorius,  together  with  the  trochlearis  nerve,  during  the 
whole  of  their  passage,  until  they  reach  the  sphenoidal  fissures. 
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*'  Underneath  this  superficial,  more  delicate  net,  there  is 
another  which  consists  of  larger  vessels,  and  is  attached  immedi- 
ately to  the  bone.  The  ophthalmic  veins,  and  generally  also 
tlie  spheno-parietal  sinus,  upon  their  arrival  enter  into  this  net ; 
aiid  the  departing  larger  veins,  whether  they  bear  the  character 
of  anastomoses,  emissaria,  or  sinuses,  proceed  from  it  This 
lower,  grosser  net  constitutes  the  sunis  caivruontts  proper, 
which,  therefore,  in  harmony  with  its  original  form,  may  be 
deiined  as  a  '  plexus  cavernosus/ 

"  By  a  removal  of  the  upper,  more  delicate  net,  or  also  by  a 
mere  examination  of  that  lower  side  of  a  cast  of  the  sinus  which 
is  turned  tuwards  the  bone,  it  becomes  evident  that  the  little 
tnmks  of  the  ophthalmic  veins,  whether  they  be  single  or  double, 
immediately  after  their  passage  through  the  inner  part  of  the 
sphenoidal  fissure,  become  ramified,  and  in  this  divided  form 
enter  the  plexus  cavernosus.  The  roots  of  the  dejjarting  veins 
usually  proceed  from  this  plexus  in  such  a  way  that  they  are 
recognised  as  the  immediate  successions  of  the  branches  and 
twigs  of  the  arriving  veins  (mostly  also  of  tlie  vena  spheno- 
parietalis),  in  such  a  way,  indeed,  that  small  twigs  of  the  oph- 
thalmic veins  may  be  traced  directly,  not  only  into  the  plexus 
which  encompasses  the  pituitary  gland,  but  also  into  the  emis- 
sary vessel  of  the  foramen  ovale,  as  well  as  into  the  inferior 
petrosal  sinus. 

''Ifthe  sinus  cavernosus  is  thus  regarded  as  a  peculiar  vas- 
cular formation,  in  agreement  with  its  original  plan,  it  may  be 
defined  as  a  (biix>lar)  rt'fe  mivtihile"  (pp.  307-311). 

"  There  cau  be  no  doubt  whatever  that  the  superficial  net  of 
the  plexus  cavernosus,  which  may  be  observed  in  successful  casta 
taken  from  infantile  subjects,  is  situated  inside  the  thick  lateral 
vvidl  of  the  sinus,  and  that  it  invests  the  nones  which  pass 
through  here  The  fact  of  the  nervus  oculomotorius  being  im- 
bedded in  this  layer  was  mentioned  above.  Whether  this  net 
be  looked  upon  as  a  part  of  the  plexus  cavernosus.  or  as  forming 
already  a  part  of  the  dura  mater,  does  not  alt<.T  the  cixcumstance 
of  its  being  continuous  with  the  lower  net"  (p.  315.  ci  tteq.). 
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The  functions  of  the  cavernous  sinuses  will  be  found  fully 
discussed  in  the  light  of  modern  science  in  the  Appendix,  Note 
vL,  noa.  41-52. 


b.  The.  Sui*BKtoR  Petrosal  S/xc/ses. 

C21/.  Hai.i.eu,' — "  The  anterior  end  of  the  superior  petrosal 
fiinua  is  constantly  in  the  cavernous  sinus,  near  the  interior  side 
of  the  fifth  pair  of  nerves,  and  near  the  anterior  side  of  the 
posterior  clinoid  process;  vltich  ptiH  vuty  al»o  he  ascrihM  to 
tlic  circidttr  sintm.  It  communicates  with  the  inferior  petrosal 
sinus  under  the  fifth  nerve,  and  further  back ;  and  finally  with 
the  anterior  occipital  or  transverse  sinus,  near  the  interior  side 
of  the  posterior  clinoid  process.  Its  posterior  end  is  in  the  angle 
of  each  lateral  sinus,  where  it  begins  to  incline  its  horizontal 
course  downwards  along  the  petrous  bone;  and  it  is  inserted  in 
the  convex  side  of  this  sinus.  I  saw  the  whole  of  our  sinus 
inserted  in  the  inferior  potrosivl  sinus. 

"  The  inferior  veins  of  the  cerebrum,  at  least  of  its  posterior 
lobes,  sometimes  open  into  the  superior  petrosal  sinus,  as  they 
do  into  the  lateral  sinuses.  The  inferior  cerebellar  veins,  how- 
ever, are  constantly  inserted  into  this  sinus,  not  far  from  its 
posterior  end,  in  coini>any  with  the  veins  of  the  meiiulla 
oblongata  and  of  the  pons  Varolii,  which  arrive  between  the 
medulla  oblongatii  and  the  cerebellum.  Sometimes  also  they 
receive  the  ophthaltnic  vein.^  Occasionally  the  veins  which 
spring  from  the  anterior  lobes  of  the  cerebrum,  insteiid  of  dis- 
charging their  contents  into  the  cavernous  sinus,  empty  by 
preference  into  the  superior  petrosal  sinus.  This  sinus  also  de- 
rives some  blood  from  the  veins  of  the  dura  mater,  which  make 
their  approach  over  the  higher  breadth  of  the  petrous  boue;^ 

>  •*Op.  citot.,"  Vol.  IV„  p.  152. 

^  With  the-  ophthalmic  vein  the  superior  petrosat  sinus  is  connected  Ity  tho 
ftKtM  ophifudmo  julroHUM,  ilcacrilketl  hy  Hyrtl  ;  concerning  which,  see  Appeudix, 
Note  vi..  no.  34.— Ei'Ituk. 

*  The  Urgest  nieniugeal  vein  which  empties  Into  the  aaperior  petrosal  sinus 
is  the  tprat  anotitomolic  nn'n,  described  by  Trolard  ;  see  .\pp«udix,  Note  H., 
no.  33.  — BoiToii. 
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one  of  these  veins,  'which  is  honoured  by  eouie  observers  with 
the  name  of  a  sinus,  makes  its  approach  uver  the  same  ridge, 
but  nearer  the  temples,  and  is  inserted  in  the  transverse  sinus 
exactly  where  it  begins  its  descent" 

C21^.  Knott,* — Sinus  j^trosiis  B-wponov;  sinus  petiosus 
basilaris  (Langer),  s.  tentorii  lateralis  (Weber),  etc. — This  sinus 
runs  along  the  upper  border  of  the  petrous  bone,  between  the 
layers  of  the  teutoriuin,  from  the  posterior  extremity  of  the 
caveruous  sinus  in  front  to  the  lateral  sinus  behind.  It  joins 
the  latter  at  the  junctiou  of  the  horizontal  and  descending 
portion.  It  varies  considerably  in  size.  Its  absence  was  noted 
in  three  cases — two  of  the  right  side,  and  one  of  the  left  A 
communicating  vos  ahernniB,  between  the  ophthalmic  vein  in 
front,  and  the  superior  petrosal  sinus  behind,  has  been  described 
by  Vi'Vija-  (Anual.  Univ.  di  Medic,  1S5G).  I  have  found  a 
vessel  answering  to  this  description  in  three  instances.  They 
all  occurred  on  the  left  side."* 


f.  The  AyrsRiOR  Occipital  oh  Trahsi^erse  Smus, 


I 


G21/t.  Kkott.^ — "Sinus  TrauHvtn'sna ;  8.  basilaris  (Cruveil- 
hier);  s.  fossa?  basilaris  (Breschet);  plexus  basilaris  (Virchow), 
etc — The  so-called  transverse  sinus  of  our  handbooks  ill 
deserves  the  name,  for  it  does  not  form  a  separate  and  distinct 
canal,  as  in  the  case  of  the  vessels  previously  described.  The 
name  of  ^j^^-ojiw  baailaAa,  given  to  it  by  Virchow,*  is  much  more 

^  Koott(J.  Freemanl,  Dublin.  **  The  Cerebr&tSinuaes  and  their  Variatioua." 
In  tlie  *'  TraniAotioiisof  tiic  Inttiin&tionaJ  l[e<licAl  Congreu,"  7t)k  Sesuon,  heM 
iu  Luuaou,  1881.     Luuaoo,  1S81 ;  Vf>I.  I.,  p.  195,  Uwq. 

'  Tliia  van  abtmiwi  of  Vorgti  ta  Uiacufised  in  Note  vi,,  tio.  34,  aud  a  misap- 
preheiiflion  of  Knott  correctod. — Kvn<ni. 

*  The  function  of  the  ftupcrior  petrosal  cluua,  aligned  to  it  by  SwodeoborVi 
V(i\[  he  found  fully  diacoaacd  in  the  light  of  modem  acienoc — in  the  Appendix^ 
Kot«  vi.,  noa.  30-36.— Euituk. 

*  See  "Op.  citAt." 

*  An  fxpwe  of  the  state  of  motlem  acieacvi  in  reapevt  to  the  '*tnuMr«ffM 
aiiiiia."  together  with  Virchow'a  intereattng  account  of  tlie  jJcxtu  bcurUaria, 
will  Ui  found  iu  fuU  iu  the  Appeudiz,  >'ol«  vi.,  uu.  37.— Kl>iTua. 
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applicable,  as  it  ia  formed  of  a  network  of  auastomosiag  veins 

^placed  between  the  layers  of  the  piece  of  dura  mater  which 
covers  the  clivus.  Some  of  these  opeu  iutu  the  iuferior  petrosal 
fiinus  of  cither  side ;  some  commuuicate  auteriorly  with  the 
rccept&culum,  ur  sinus  cavemosus  posterior;  while  others  pass 

Idownwards  to  the  margin  of  the  foramen  magnum,  to  anasto- 
mose with  the  anterior  rachidiau  veins." 

621  i.  Halleh.* — "  TAt-    anterior  occipital  aiuust^s,  —  The 

,8iniises  which  follow  here  do  not  receive  any  vein  from  the 
bndu,  but  they  are  received  in  a  like  manner  between  the 
laming'  of  the  dura  mater.  In  the  first  place,  the  whole  of 
that  anterior  process  of  the  occipital  bone,  which  is  conjoined 

,with  the  sella  turcica,  is  penetrated  by  venoas  sinuses  which 
are  filled  either  with  blood,  or  [in  injections]  with  wax  which 

takes  the  place  of  blood. 

"  The  transverse  sinus,  almost  perpetual,  and   mostly  wide 

[and  important,  conjoins  the  right  inferior  petrosal  sinus  with 
the  left,  and,  where  it  joins  these  sinuses,  it  communicates 
with  .the  cavernous  sinuses.  Often  a  multiplex  sinus,  with 
various  branches,  passes  through  the  dura  mater  of  the  cunei- 
form proce&s  of  the  occipital  bone,  and  is  inosculated  in  the 
cavernous  sinuses,  along  the  sixth  pair  of  nerves.  Again,  in  the 
same  place,  it  is  inosculated  with  the  inferior  petrosal  sinuses, 
exteriorly  in  the  neighbourhood  of  the  carotid.  This  same  sinus 
again,  interiorly  of  the  carotid,  communicates  with  the  posterior 
semi-circle  of  the  circular  siuus.  With  the  superior  petrosal 
sinuses  it  is  inosculated  in  various  wa^'s,  and  tiually  with  the 
tnink  of  the  jugtilar  vein. 

"  Those  sinuses,  which  follow  the  cuneiform  process  of  the 
occipital   bone   longitudinally,   extend   from    the   seat  of  the 

•auditory   nerve    downwards    towards    the    foramen   magnum« 

[Thert^  are  two  of  these  almost  at  the  maig^in  of  the   petrous 
\e;  they  are  like  unto,  and  equal  with,  one  another.     Their 

'iiuterior  extremity  is  a  vein  which  passes  out  of  the  skull  in 

[company  with  the  ninth  cranial  nerve,  and  which  directs  its 
»  **0p.  ciUt,,"  iv.,  p.  157. 
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course  towards  tlie  vertebral  veiu.  Several  veinR  from  the 
be^nning  of  the  spinal  cord,  and  from  the  medulla  oblougata, 
join  this  emissary.  The  posterior  end  of  these  sinuses  goes 
backwards  towards  the  posterior  margins  of  the  occipital  bone, 
and,  through  the  funnel-like  expansion  of  the  dura  mater  which 
descends  from  the  cranium,  it  is  inserted  in  the  spinal  sinuses. 

"  To  the  present  sinus  I  would  also  refer  a  new  sinus,  of  which 
Pietro  Tabarrani  ^  says,  that  it  springs  from  the  funnel  of  the 
carotid,  and  terminates  either  by  a  single  orifice  in  the  jugular 
fossa,  or  has  au  oblique  termination  in  common  with  the  inferior 
petrosal  sinus.-  He  also  attributes  to  his  sinus  a  diverticle 
which  enters  into  the  vertebral  vein,  and  opens  also  into  this 
sinus." 

621/i\  ViCQ  d'Azttl* — "  Behind  the  posterior)  clinoid  pro- 
cesses there  is  a  furrow  which  contains  the  sinus  called  by  some 
the  posterior  clinoid  mnuts.  Six  or  eight  lines  further  down 
is  the  fxisllar  or  anterior  occipital  sinus"  (p.  107). 

"  The  extremities  of  this  posterior  clinoid  sinus  open  into 
the  cavernous  sinus.  This  same  sinus  communicates  on  the 
one  hand  with  the  superior  j)etrosal  sinus,  and  on  the  other 
hand  with  the  anterior  occipital  sinus.  Its  form  is  not  at  all 
constant"  (p.  102). 

G21L  Sappet.* — The  anterior  occipital  sinus,  called  also  the 
transverse,  and  the  basilar  sinus,  like  the  circular  sinus,  belongs 

>  Tabarrani  (!'.).  '*  Obaervatioiies  Aiiatom{ctt>."  lo  *'Ohi]iiuii  (C.A).. 
^[eiiione  eopnv  la  Fiaica  o  Istoria  natur&le  di  diverai  v&lentuutnini.'*  Tom.  I. 
Lucca,  1743. 

*  The  Cftiml  or  sinUB  (le8cri)>e<l  by  P.  Tabarrntii  in  1743  is  iiienticiil  with 
that  iliscoverifil  by  Dr.  J.  Kngliecli  in  184J3,  whereby,  aa  be  aaya,  there  is 
edect«(l  **  A  constant  communicatiou  tictweeu  the  siiiiiB  cavcmoaua  and  the 
sinus  petroauB  inferior,  out«ide  of  tlie  vriuiiun)."  The  canal  of  Tabarrani  aUo 
is  identical  with  the  'Mower  petro-occijiital  simiB  "  dest*rit>rd  by  Trolarcl  in. 
1S70.  The  whole  history  of  this  caoal,  and  the  Mtisfaetory  way  in  which  it 
aceuunt«  for  an  imi>ortant  partiadar  in  Swcden1>org'i  thoory  of  the  Kunction 
of  the  Pituitary  Olund,  are  fully  diacussed  in  the  Ap[>endix,  Note  vi., 
no«.  38-40.— Ei.iTon. 

*  Vicq  d'Axyr.  "Trait*  d'Anatomie  etde  Physiologie,"  Tom.  I.  Paria, 
I78rt,  Fol. 

*  Sapjiey  (Ph.  C).  "Traitir  d'Anatomie  dc»cnptivc^*'  Troiii6me  edition, 
Paris,  I87ti;  Tom.  11.,  p.  735. 
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the  anastomotic  sinuses.  It  is  formed  of  two  or  three 
irregular  ducts,  which  open  into  one  another,  and  which  extend 
[transversely  from  the  confluent  of  the  petrous  and  cavernous 
leinuses  of  the  one  side  to  the  analogous  confluent  of  the  oppo- 
tfiite  side.  This  sinus  is  situated  behind,  and  bcLow,  the  perpen- 
licular  side  of  the  sphenoidal  bone.  In  rtuniimg  Uie  two 
wperior  petroml  »intL9e8,  it  forms  with  them  a  large  anasto- 
losis,  extending  transversely  from  the  right  lateral  sinus  to  the 
'ft  lateral  sinus.  Sometimes  the  anterior  occipital  sinus 
communicates  with  the  interior  spinal  veins." 

62l7?i.  Theile.^ — "  On  the  base  of  the  occipital  bone,  near 
'the  dorsum  scU^,  there  are  situated  transverse,  reticular,  venous 
spaces,  which,  with  the  exception  of  a  few  small  branches  from 
le  pons  Varolii  and  the  medulla  oblongata,  do  not  receive  any 
►lood  from  parts  of  the  brain,  but,  on  the  contrary,  out  of  Ute 
'9ub«tuv<*4i  of  tlie  bone.  They  are  connected  on  each  side  with 
the  cavernous  sinuses  and  the  inferior  petrosal  sinuse-s,  and 
posteriorly  with  the  venous  plexuses  of  the  vertebral  column. 
lese  spaces  connect  the  anterior  sinuses  of  the  cranium 
^^ith  the  plexuses  of  the  vertebral  cohimn.  This  jmrt  really 
does  not  deserve  the  name  of  a  sinus.  It  is  a  venous  plexus  in 
le  base  of  the  occipital  bone,  which  is  quite  analogous  with 
le  venous  pkxuses  ou  the  vertebrae." 

621  u.  Langer.- — "The  venous  net,  the  plexus  hasilai^U  of 
Virchow,  which  covers  the  clivus  and  conjoins  the  two  inferior 
arosal  sinuses,  is  perfectly  developed  in  the  child.     It  consists 
>f  two  layers  of  interwined  vessels ;  of  a  superficial  one  composed 
more  delicate  vessels,  and  of  a  lower  one  which  is  composed 
thicker  tubes.     While  the  entire  complex  of  vessels  is  con- 
tinued  downwards  into  the  immediate  neighbourhood  of  the 
reins  which  line  the  foramen  magnum  (xrcipitale  in  an  anterior 
;ction,  it  terminates  sharply  undenieath  the  margin  of  the 


*  In  .SimineruigB  "  Vom  Bwae  Jea  menachlichea  Korpere."     Leipiag,  1841. 

hrv  von  deu  Muakfin  uml  <*eraaacu,  p.  276.) 
'  Luiigcr.    ' '  r^r  Sinui  Cavtiniunu  tier  baxteu  liinUiaut. "    (SitzuDgsbcrichte, 
Vienua,  lb8o.) 
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back  of  the  sella.  la  adults  the  port  of  the  clivus  which  Ls 
covered  with  this  net  is  often  sunk  in,  and  mostly  also  seems 
carious  and  perforated.  This  ia  due,  as  has  been  obaerved 
ahready  by  Virchow.  to  a  tissue,  the  foundation  of  which  is 
formed  by  a  sinuous  texture  of  veins.  This  texture  is  circum- 
stanced exactly  like  the  sinus  cavernosus.  The  veins,  which 
arc  originally  arranged  in  the  distinct  form  of  a  net,  in  the 
course  of  time  through  enlargements  become  siuuous,  uud  by 
confluence  they  at  last  give  rise  to  an  extensive,  common 
lacuna,  which  is  traversed  by  fibrous  trabeculae"  (p.  314). 
See  above,  no.  621e. 


d.  The  Inferior  Petrosal  Sinuses. 


I 


621o.  Hauler.* — "  The  inferior  petrosal  sinus  has  its  anterior 
end  in  the  caveruous  sinus.  With  that  sinus  it  communicates 
through  the  venous  tract  which  accompanies  the  sixth  nerve ; 
and  also  verj'  amply  back  of  the  posterior  clinoid  process,  and 
indeed  exteriorly  to,  and  more  posteriorly  than,  the  carotid, 
before  the  nerve  of  the  fifth  pair,  between  the  carotid  and  the 
back  or  ridge  of  the  petrous  bone  ;  in  the  same  place  where  also 
the  circular  sinus  opens  into  the  cavernous,  under  a  very  hard 
ligament  which  springs  from  the  dura  mater,  and  which  extends 
from  the  back  of  the  petrous  bone  to  the  iwsterior  clinoid  pro- 
cess. This  sinus  is  also  considerably  conjoined  with  the  anterior 
occipital  sinua,  from  whence  that  venous  tract  which  accom- 
panies the  sixth  nerve  proceeds  at  other  times.  It  empties 
into  the  jugular  fossa,  or  into  the  lower  end  of  the  lateral  sinus. 
Nevertheless,  I  have  seen  the  inferior  petrosal  oinuaea  termi- 
nating blindly  this  side  of  the  lateral  sinuses,  so  that  they  had 
nothing  in  common  with  them.  Some  veins  of  the  dura  mater 
from  the  region  of  the  vertebratj,  and  from  the  placo  where 
they  join  the  occiput,  discharge  their  contents  into  this  sinua. 


'•Op.  ciut.,"  v..  p.  153. 
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Some  veins  also  come  from  the  beginning  of  the  spinal  marrow 
and  from  the  medulla  oblongata."  ^ 

621p.  VlCQ  d'Azyr.' — "  It  has  been  thought  that  the  inferior 
petrosal  sinus  opened  into  the  jugular  fossa  together  with 
the  lateral  sinus.  My  observations  have  taught  me  that  it  is 
separated  from  that  fossa  by  an  osseous  prtxiuction  covered  with 
a  cartilaginous  lining,' and  by  the  eighth  pair  of  nerves,  to  which 
the  foramen  lacenim  posticum  lends  passage.  This  same  sinus 
discharges  itself  through  the  intermediation  of  a  vein  which  is 
found  at  the  base  of  the  cranium,  before  the  internal  Jugular  vein. 

*'  This  sinus  communicates  with  the  cavernous  sinus,  and 
with  the  anterior  transverse  sinus,  from  which  it  receives  the 
blood  which  it  conveys.  When  the  internal  jugular  vein  is 
injected  with  a  view  of  filling  the  sinuses,  the  fluid  does  not 
pass  into  the  inferior  petrosal  sinuses,  except  after  first  passing 
through  the  cavernous  sinuses.  The  structure,  as  here  given, 
is  not  in  accordance  with  the  description  as  it  is  usually  given  ; 
but  it  describes  what  I  have  observed  in  the  subjects  where  I 
made  my  researches." 

%%\q.  LlTSf'HKA* — "The  shni^  pctrosi  inferiores  are  con- 
siderably wider,  but  shorter,  than  the  superior  sinuses,  aud 
they  are  contained  in  the  grooves,  which  laterally  are  in  that 
division  of  the  clivus  which  is  furnished  by  the  body  of  the 
occipital  bone.  Their  anterior  extremity  is  bridged  over  by  a 
fibrous,  little  ligament  which  passes  over  the  nervus  abducens. 
and  is  conjoined  with  the  sinus  caveniosus ;  while  the  posterior 
extremity,  at  the  anterior  end  of  the  foramen  lacenim,  passes 
orer  into  an  independent  vein,  2mm.  in  width,  and  6mra.  in 

'  TI1C  Tenoni  ntipply  of  the  infcriiir  pctroBal  slnUA  is  detailed  from  m<Mlern 
•oarccs  in  thu  Ap]>cDdix,  Nut«  ri.,  no.  .i3. — Kditos. 

*  ••Op.  ciUfc."  p.  lori. 

*  The  -ni/f  iM  pro  tinu  jtrtrxfMO  in/nTioH^  It  seems,  waa  newly  discovered  by 
Prof.  'Ilieile  in  1S55.  It  will  bo  found  fully  disctisBod  in  Che  Appendix.  Note 
vi.,  no.  5o,  III  tlie  snnie  plmce  aUo  there  la  dUcuBsed  at  Inrgo  the  fact,  which 
wu  likbwiao  discovered  titat  by  Vicq  d'Aryr,  that  the  inferior  petrosal  ainna, 
ftt  ita  pfTvtvrior  extremity,  alten  its  character  aa  a  atnut,  and  poaaea  over  into 
ft  rein. — KhiTuik 

*  LuBchka  lU.  Ton).    '*Die  Anatomiedea  Meuacheu."    Tiibingen,  1882-1807. 
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length,  which,  below  the  basia  of  the  skull,  terminates  in  the 
jugular  vein.  Into  the  above  vein,  according  to  the  observa- 
tions of  J.  Euglisch,  there  lapses  a  canal,^  limra.  in  width, 
which  is  contained  in  the  cartilage  between  the  petrous  bone 
and  the  pars  basilaris  of  the  occipital  bone,  and  which  com- 
municates with  the  posterior  end  of  the  cavernous  sinus*' 
(iii  2;  p.  153). 

"  Shortly  after  the  internal  jugular  vein  has  made  its  appear- 
ance at  the  external  suriace  of  the  cranium,  there  enters  into 
its  anterior  circumference  the  posterior  end  of  the  inferior 
petrosal  sinus.  This  sinus,  which  pursues  its  course  in  a  groove 
between  the  petrous  bone  and  the  body  of  the  occipital  bone, 
at  the  anterior  extremity  of  tlie  foramen  lacerum  posticum, 
through  which  it  descends,  usually  passes  over  into  a  vein  with 
its  own  independent,  coatings  and  walls.  .  .  .  Closely  behind 
the  place  where  this  vein  penetrates  the  foramen  lacerum,  three 
nerves,  the  glosso-pharyngeus.  the  vagus,  and  the  accessorius 
Willisii,  all  surrounded  by  special  productions  of  the  dura 
mater,  pass  through  the  anterior  smaller  division  of  the  foramen 
lacerum,  and  during  their  passage  they  are  separated  from  the 
internal  jugular  vein  by  the  j)rocessua  jugularis  spuriua,  or  by  a 
fibrous  partition  which  replaces  said  processus"  (i.  1 ;  p.  356). 

621  r.  Trolakd.- — "  T}\je  inffirwr  petrosal  sinue. — The  lower 
wall  of  this  sinus  sometimes  presents  openings,  through  which 
it  communicates  with  the  hi/erior  petroso-occipital  sinita  [the 
canal  of  Tabarrani].  The  inferior  petrosal  sinus  does  not 
terminate  in  the  lateral  sinus.  After  reaching  the  internal 
extremity  of  the  foramen  lacerum  posticum,  it  traverses  that 
foramen,  placing  itself  in  front  of  a  nervous  trunk,  and  it  goes 
to  meet  the  internal  jugular  vein  below  the  jugular  fossa.  It 
opens  into  it  through  an  oblique  opening.  Daring  this  passage 
it  is  no  longer  a  sinus,  but  a  vein. 

*  This  CAnal  is  tlie  **  Can&l  nf  Tubamni  '*  vUch  U  dUcumsed  io  Ui«  App«o> 
lUx,  Note  vi.,  no8.  38-40. — Ei>ITOR, 

^  TroUrd  [P.).  **Hecherche«  «tir  rAti&tomie  dtt  Systbne  veiaeax  dn 
CiineetderEnc^pbaJe."  In  "Andiivoi  GdnirftlcfldeMudooino."  Ton.  XV. 
V»riu,  1870. 
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"This  vein,  about  its  middle  portion,  presents  an  opening 
whereby  it  communicates  with  the  '  anterior  condylar  confluei»t.' 

"In  the  foramen  lacerum  posticum.  proceeding  from  within 
outwards,  there  are:  (1)  the  vein  which  imites  the  inferior 
.petrosal  sinus  with  the  jugular  vein  ;  (2)  three  nervous  trunks; 
[3)  the  internal  jugular  vein.  I  have  often  seen  the  foramen 
lacerum  posticum  divided  very  neatly  into  three  orifices  by  the 
interpositioa  of  two  complete  osseous  bridges ;  the  most  internal 
jOf  these  orifices  was  intended  for  the  petrous  sinus,  the  middle 
for  the  nervous  trunks,  and  the  external  for  the  jugular  vein. 
The  grand  anastomose,  admitted  at  the  present  day,  between 
the  anterior  and  posterior  sinuses,  through  the  intermediation 
of  the  inferior  petrosal  sinus,  consequently  does  not  exist"* 
(p.  264). 


f.  The  Super/or  Circular  S/yus^  and  the  Inferior 
Transverse  Sinus, 

621s.  Haller.' — "  Between  the  interior  and  external  laminae 
if  the  dura  mater  there  is  a  sinus  which,  in  most  cases,  certainly 
in  my  own  s|}ecimens,  is  like  a  perfect  ring.  Its  anterior  semi- 
;le  is  placed  before  the  pituitary  gland,  and  is  sometimes 
narrower,  while  the  posterior  semi-circle,  which  is  between  the 
pituitary  gland  and  the  posterior  clinoid  process,  is  often  wider. 
More  frequently,  however,  I  have  seen  the  anterior  semi-circle 
larger.  These  two  semi-circles  meet  in  the  middle  of  the  sella. 
There  they  are  bounded  by  the  cavernous  sinus,  with  which 
they  communicate  by  an  opening  near  the  carotid.  .  .  .  These 
aemi-circles,  however,  are  also  united  with  the  superior 
petrosal  sinuses  in  the  same  place,  before  the  posterior  ctinoid 
process,  under  the  third  and  fourth  nerves.  With  the  inferior 
petrosal  sinuses  they  meet  between  the  posterior  clinoid 
Kess,  and  between  the  intenial  carotid  and  the  third  nerve, 

Tliv  cora  muni  cation  of  the    inferior   p«itrosul   sinua  with  the  *' anterior 
LyUr  couttuent,"  is  dt«i'US3ed  more  minutely  in  the  Appendix,  Note  vi., 

K  &4.— E&rroft. 

«  "Op.  ciut.,"iv.,  p.  156. 
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and  with  the  anttirior  occipital  sinus  almost  in  the  same  place, 
but  near  the  interior  aud  upper  surface  of  the  carotids. 

"  Often  a  transverse  sinus,  either  under  the  gland,  or  aome- 
tiuies  a  posterior  one,  conjoins  the  cavernous  sinuses,  or,  finally, 
a  transverse  sinus  in  front  Sometimes,  but  more  rarely,  the 
ophthalmic  vein  terminates  in  the  sinus  at  the  sides  of  the  sella 
equina  so  far  inwards  that  it  cau  justly  be  claimed  for  the 
circular  sinus.  Xot  seldom  this  sinus  receives  considerable 
veins  from  the  sella  equina,  and  from  the  osseous,  spongy 
substance  of  the  sphenoid  bone.  Finally,  the  little  veins  of  the 
pituitary  gland  pour  into  this  sinus." 

62U.  Theile.' — "  The  circular  sinus  receives  little  veins  from 
the  tuber  cinereum,  the  infnndibulum,  the  pituitary  gland,  and 
^ho  sphenoid  bone.  It  opens  on  either  side  into  the  sinus 
cavemosus,  but  it  is  also  conjoined  with  the  anterior  occipital 
or  transverse  sinus,  and  with  the  superior  petrosal  sinus.  The 
posterior  semi-circle  seems  to  be  regularly  a  little  narrower  than 
the  anterior." 

62lu.  Knoit.' — "The  receptacula  of  opposite  sides  are  con- 
nected by  means  of  one  or  more  transverse  vessels  which  cross 
the  pituitary  fossa.  There  are  fre<|uently  two;  one  in  front  the 
hypophysis,  and  the  other  behind.  The  anterior  is  the  larger, 
the  posterior  is  often  completely  absent.  Its  absence  was  noted 
in  twenty  of  my  ibrty-two  cases.  In  two  of  the  others  the 
posterior  branch  was  the  larger  of  the  two,  and  in  another  case 
it  was  the  only  one  present  In  fifleon  cases  only  did  the  above- 
described  arrangement  of  two  transverse  branches  exist  When 
present  they  form,  with  the  cavernous  sinus  on  each  side,  the 
mnus  eireulariti  of  Ridley  (sinus  elliptioua.  sinus  coronarius, 
clinoid  sinus,  Sir  Ch.  Bell). 

**A  single  vein  forms  the  aimiH  tra7i8rcriin.'<  nHUt  equina^ 
described  by  Hal  I  or. 

"  A  sinus  circtdarnM  infmor  jh  described  by  Winalow 
beneath   the  pituitary  gland,  aud  formed  by  branches  which 


*  "Op.  ciut,"  p.  274. 
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take  a  course  nearly  parallel  to  the  one  usually  described  I 
have  found  it  in  six  cases  only ;  in  twelve  casca  there  wus  a 
single  intercavernous  vein  beneath  the  pituitary  body." 

<)21r.  Hexle.^ — "The  sinus  caveniosi  of  either  side  are  con- 
nected by  one  or  several  canals,  which  run  along  the  anterior 
and  posterior  walls  of  the  sella  turcica,  or  at  its  bottom,  and 
which  are  called  the  anterior  and  posterior  intercav^^n&us 
iv  usea.  These  intercavernous  sinuses,  together  with  that  part 
^f  the  sinus  cavernosus  wliich  is  situated  between  their  origins, 
form  an  ample  venous  rin^  around  the  stem  of  the  pituitary 
gland,  which  has  been  called  the  siniui  civctUarU.  The  cono- 
municator}'  canal  at  the  bottom  of  the  sella  is  identical  with 
Winslows  inferior  circular  sinus.  Among  the  two  inter- 
cavernous sinuses,  the  one  in  front  is  the  more  powerful  one, 
while  the  one  at  the  bottom  is  more  fniquently  absent "  (p.  333). 
Cj21w.  Key  and  Retzius.^ — "As  the  hypophysis  on  its  upper 
surface  has  a  subarachnoidal  space  completely  filled  up  by 
cerebro-spinal  liquid,  so  at  its  lower  surface  also  it  has  a  broad 
Tenons  sinus — sinus  intercavemosiis  inferior  {Hcnle) — which  on 
either  side  passes  over  into  the  sinus  cavernosus.  Besides,  it  is 
encompassed  also  by  the  sinus  circnlaris  Ridleyi,  or  sinus  intcr- 
cavernosus  anterior  and  posterior  (Hcnic).  In  respect  to  this 
ktiius.  Henle  says  that  the  anterior  sinus  intcrcavemosus  is  the 
larger  one  of  the  two,  and  that  the  sinus  intcrcavemosus  inferior 
is  wanting  most  frequently;  in  a  footnote  also  he  designates 
the  latter  sinus  as  a  communicating  canal.  Our  experience 
rejrrirding  this  sinus  is  somewhat  different  In  the  numerous 
snlijccts  examined  by  us  for  this  purpose,  we  have  Hrver  found 
it  missing.  Further,  we  usually  found  the  canal  at  the  bottom 
larger  than  the  sinus  intcrcavemosus  anterior^  and  always  spread 
icr  the  bottom  of  the  fossa  pituitaria,  serving  as  a  means  of 
injunction  between  the  two  sinuses  cavernosi.     It  is  possible, 


■ 


*  lUnle  (Dr.  J.).    "  Handbuch  der  Bystcmatuchen  Anfttomie  des  Me&acbcD," 
Ua.  iii..  Abth.  I.     •'GofM«lchi-«,'    Hmunschwei^,  1S68. 
>  Ki*y  Abd  Itfitziua.     *'  Stadien  in  d«r  An&tooiie  des  Ncrv«iiayat«Q»  und  dtm 

buidegcwL-bcs."     Vol.  I.     Stockiiolm,  l&7o. 
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indeed,  that  there  is  a  greater  variety  in  this  sinus  than  we  have 
discovered ;  but  the  form  in  which  we  have  delineated  it  in  our 
plates  is  probably  the  most  common.  The  fact  of  the  hypo- 
physis being  thus  imbedded  between  a  serous  cistern  and  a 
venous  sinus  is  no  doubt  a  matter  of  interest,  and  it  even  seems 
to  us  to  enhance  the  peculiarity  of  this  enigmatical  organ" 
(p.  97). 

621x,  Linger.^ — "The  anastomotic  veins  between  the  two 
cavernous  sinuses,  which  are  called  sinus  intercaverrumt  are 
only  parts  of  a  net  spread  out  fiat,  which  lines  the  whole  pitui- 
tary fossa,  and  which,  basket-like,  receives  in  itself  the  pituitary 
gland.  This  net  consists  of  a  thicker  kind  of  little  tubes,  sepa- 
rated from  each  other  by  small  longitudinal  clefts,  and  which 
closely  adhere  to  the  sphenoid  bone,  and  receive  from  it  a  diploic 
venous  twig.  Fragments  of  more  delicate  little  tubes  point  out 
the  existence  of  vessels  which  enter  into  this  net  from  the 
pituitary  gland.  We  have  stated  above  that  some  peripheral 
twigs  of  the  ophthalmic  vein  enter  directly  the  larger  vessels 
of  this  net  inside  the  pituitary  fossa ;  we  also  stated  there  that 
root-branches  of  the  two  sinus  petrosi  originate  here  "  (p.  312, 
et  seq.).    See  above,  no.  G21e.] 

^  Longer  (Prof.   K.  r.).     "Der  Sinoa  CaveniOBUfl  der  harten  Hirnhaut.'* 
(Sitzongtberichte,  etc,  Dritte  Abth.,  Wien,  1885.) 


622,  The  cavernous  sinuses  surround  the  arch-g-laiid  on  three 
sides.  Their  ceiling  they  borrow  from  a  production  of  the 
interior  lamina  of  the  dura  raater;  their  bottom  from  the 
interior  stratum  of  the  same.  Within  this  duplicaturc  they 
receive  the  trunks  of  the  carotids,  thus,  all  the  arterial  blood 
which  is  to  be  scattered  through  the  hemispheres  of  the 
cerebrum  ;  further,  a  phalanx  of  nerves  which  are  about  to 
depart  into  those  provinces  of  the  kingdom  which  have  been 
allotted  to  each ;  likewise  veins,  and  the  highest  parts  of  the 
petrosal  sinuses,  which  receive  the  essences  of  the  brain  through 
the  pituitary  gland,  and  convey  them  to  the  receptacles  of 
the  lateral  siutises  and  the  jugular  veins.  The  cavernous 
sinuses  thus  summon  together,  /irrf^  all  the  arterial  blood  which 
is  about  to  enter  the  brain ;  seofrntUy,  the  purest  essences 
of  the  blood,  which  are  prepared  and  secreted  in  the  most 
refined  manner,  and  which  are  about  to  depart  from  the  brain  ; 
further,  the  recently  bon»  and  still  virginal  nerves  which  are  on 
the  point  of  escaping  from  their  bony  walls  and  ramparts.  All 
these  generals  and  leaders  who  are  about  to  administer  the 
affairs  of  a  unanimous  republic  are  summoned,  as  it  were,  by 
these  sinuses  into  their  council  chamber  and  to  a  cabinet 
meeting  under  the  presidency  of  the  brain ;  and  they  pass  in 
and  out  as  if  to  pledge  here  their  faith  and  loyalty,  and  to  take  up 
&n  oath  that,  like  blood-relations,  as  it  were,  they  will  not  intend 
and  undertake  anything  except  under  nmtual  advice  and  consent, 
nor  anything  but  what  will  contribute  to  the  welfare  of  the  king- 
don\.  Neither  is  there  any  safer  place  of  meeting  than  near  the 
footboards  of  the  gland,  where  the  braio,  wearied  by  action, 
takes  its  rest,  as  ii  were,  in  a  certain  ceatre  and  secure  haven. 
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C23.  The  longer,  exterior  and  more  slender  onuses  of  the 
base  [the  superior  petrosal  sinuses]  receive  from  the  circular 
sinus,  and  also  through  veins  iinmodiately  from  the  gland,  that 
first  and  ptirest  essence  which  the  pland  expresses,  and  they 
convey  the  sanie  to  the  receptJiclcs  of  all  the  sinuses,  and  the 
jtigular  veins.  Those  sinuses  have  their  heads  and  lips  high 
up  and  close  to  the  circular  sinus;  for  near  the  carotids  they 
curve  themselves  in  the  shape  of  the  letter  tf,  and  thence  they 
incline  and  project  themselves  upwards  towards  the  above 
sinus.^  They  arc  comparatively  long  and  slender,  and  their 
tube-like  bodies  are  completely  atlapted  to  the  quickness 
and  the  swift  Hashes  of  the  above  fluid.  Their  colour  also 
indicates  the  extreme  liquidity  of  their  blood.  Where  these 
sinuses  are  inosculated  in  the  widened  ends  of  the  lateral 
sinuses,  the  foramen,  through  which  their  contents  pass,  is 
sometimes  found  impervious,  like  that  of  the  beak  of  the 
infundibulum,  to  which  it  coircsponds  in  point  of  dimousiou, 
and  through  which  this  kind  of  fluid  is  instilled  into  the  gland. 
These  same  sinuses  also  seem  to  iwliuit.  in  addition,  the  fluid  of 
the  second  order,  which  [Misses  through  the  bones  of  the  skull, 
namely,  that  portion  of  it  which  is  not  poured  immediately  into 
the  jugular  veins.* 

C24,  The  larger,  interior  and  shorter  sinuses  of  the  base  [tbe 
inferior  petrosal  sinuses]  seem  to  swallow  up  ail  that  serous 
fluid  in  which  the  gland  is  bathed  on  all  sides,  and  which  is 
derived  into  the  cavernous  sinuses,  and  ejecteii  thence.  This 
serum  they  convey  into  the  common  receptacle  of  the  sinuses ; 
for  those  inferior  sinuses  lie  a  little  uujre  to  the  back  than  the 
former  or  superior  ones,  and  bend  themselves  in  the  shape  of 
the  letter  /  towards  the  production  of  the  posterior  clinoids. 


*  According  to  Sa/iolisu,  the  oontent«  both  of  the  drouUr  aod  tbe  aatcrtor 
occipitHi  aiuuBba  aiv  diverWil  into  the  euperior  petroaftl  •intiw*  by  a  pc^'ulUr 
trultecitlar  ibnd  vnlvular  arrMigvment  in  tUv  caveriKius  BinoMft.  See  Appcniiix, 
Not*  VI,,  no.  31.— Emtok. 

'  This  fiuiil  i^cmn  to  l>«  oonv«yeil  towAitlj!  the  superior  petroMl  RiauMi 
through  thn  ant*rior  occipital  or  tnutsvcrai*  ainua.  6««  Appendix*  Note  vt, 
noi.  S2-37.— K.DrroiL, 


and,  at  the  .same  time,  with  their  stretched-out  veins  and  lipB, 
thej  sip  in  mediately  and  immediately  the  vapour  which 
showers  down,  and  in  this  wise  they  drain  the  caverns.  This 
we  learn  from  injections,  and  it  is  confirmed  by  the  situation, 
extent,  and  abundance  of  their  lips,  so  that  they  nuist  needs  be 
canals  intended  for  the  conveyance  of  a  more  sluggish  and 
grosser  fluid.  Besides,  they  also  derive  blood  out  of  the  sjwugy 
substance  of  the  cranium,  which  is  imme<liatcly  underneath 
thcin.  and  which  is  irrigated  by  branches  of  the  internal 
carotid.*  They  also  receive  some  other  blood  which  cannot  be 
discharged  in  any  other  direction. 

G25,  These  cavernous  cistcnis  which  are  sealed  up  all  around 
by  membranes,  or  which  are  enclosed  within  a  duplicated 
lamina  of  the  dura  mater,  cannot  help  being  imbued  with  a 
more  intense  heat  than  the  remaining  organs;  and,  like  the 
fire-place  in  a  hot-water  bath,  they  supply  fire  from  underneath 
sufficient  to  separate  the  variotis  menstrua.  For  the  two 
carotid  arteries,  with  an  abundant  supply  of  arterial  blood,  flow 
through  the  cavernous  sinus,  as  well  as  two  sinuses,  two 
lai^e  veins,  and  likewise  several  infant  nerves  which  are  in  a 
perpetual  tremor  and  vibration ;  all  of  which  act  ils  mild  dis- 
pensers of  heat.  The  bottom  also  or  the  floor  is  thin ;  for  the 
sphenoid  sinuses  are  hollowed  out  underneath,  and  a  mean 
temperature  prevails  there,  lest  the  cavernous  sinuses  by  the 
iotorpositiou  of  a  thicker  bone  should  be  in  too  tempestuous  a 
glow,  and  lest  a  slowly  consuming  vapour  bath  might  destroy 
the  enclosed  parts,  aud  lest  by  either  too  acute  or  too  obtuse 
a  heat  they  might  become  flucciil  and  withered.  As  the 
ventricles  therefore  are  a  kind  of  cooling  stations,  so  the 
cavernous  sinuses  ore  places  for  warming,  where  the  gland,  as 
it  v^ere,  enjoys  a  warm  bath,  and  where  it  is  gently  heated 
with  fire. 

'  See  Appeudix,  Xote  vi,,  no.  38. — ElDrroa. 
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625rt.  Argument. — The  receptacles — the  cavernous  sinuses — 
which  arc  adjacent  to  three  of  the  sides  of  the  sella  turcica, 
afford  a  convenient  and  safe  passage  to  the  carotids,  to  sinuses, 
veins  and  nerves,  and  they  wanu  alt  parts  with  the  heat,  as  it 
were,  of  a  bath  which  is  increased  to  such  a  point  that  the  pro- 
cesses of  dissolving,  commingling  and  transmitting  liquids  are 
carried  on  in  a  satisfactory  manner ;  and,  further,  that  through 
the  mediation  of  the  cavernous  niuuses  there  may  exist  a  due 
communication,  Jli*8t,  of  the  liquid — the  grosser  serum — which 
presses  in  from  the  sella  turcica ;  eecondlij.  of  the  carotids  with 
one  another,  as  well  as  with  the  arch-gland;  and  thivdly,  of 
the  lynipheducts  with  blood-vessels,  both  in  the  subjacent  bone 
and  in  the  meninx  which  lines  the  sella.  It  seems  also  as  if 
the  cavernous  sinuses  did  not  admit  [from  the  pituitary  gland] 
into  their  cavity  any  other  fluid  except  that  which  collects 
around  the  tjlatid,  while  the  larger  veins  at.  the  bottom  of  the 
cavernous  sinuses,  which  are  mentioned  by  Ridley,  seem  to 
receive  the  nutritive  blood  of  the  bone  underneath.  The  mass 
of  blood  which  approaches  the  brains  is  thus  ro-made  and 
restored  by  the  essences  of  the  brain  iu  tlie  same  order  in 
which  it  ia  deprived  of  these  essences  iu  the  cortical  and 
cineritious  substances  and  in  the  choroid  plexuses. 

6256.  Thf.  recejitacles — cavet^notui  ttinu»es — iv/dch  are  ad* 
jacent  to  three  of  the  sides  of  ihi*.  sella  turcica,  afford  a  safe 
and  convenient  passage  to  the  carotUh,  which  effect  an  entrance 
immediately  behind  the  posterior  clinoid  processes  and  perforate 
the  dura  mater,  allowing  themselves  to  be  covered  by  its  lateral 

»  From  Codux  05,  PUotolitliogr«phe«l  MSS.,  Vol  IV. 
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productions,  and  which,  with  a  view  of  emerging  thence»  and 
ascending  into  the  cerebrum,  pierce  the  meniux.  AH  this 
is    for     the    purpose,   that,   by    their    passage    through    the 

^vemou3  sinuses,  the  carotids  may  be  able  to  inflect  them- 

slves  in  various  ways,  and  to  rid  themselves  of  the  action  of 
the  heart  which  reaches  almost  so  far,  and  to  accustom  them- 
selves instead  to  the  alternate  motion  of  the  brain ;  and,  indeed, 
by  their  keeping  close  to  nerves  on  the  one  side,  antl  near  the 
pituitary  glaud  on  the  uther,  and  by  receiving  filamentous 
braces  from  the  ncr\'e8,  an(]  at  the  same  time  from  the  dura 
mater,  by  which  they  also  allow  themselves  to  be  acted 
upon  in  a  general  way,  as  well  as  by  uniting  themselves  to  the 
pituitary  gland  through  arterial  branches.  The  dura  mater, 
together  with  the  nerves  by  which  the  carotid  is  thus  engirded, 
produces  this  effect,  that  this  artery  is  also  kept  completely 
under  the  obedience  of  the  brain  which  acts  from  above.  In 
tliis  same  space — that  is,  within  the  cavernous  sinuses — the 
carotid  Is  ftirther  able  to  serve  in  the  capacity  of  a  certain  diver- 
tide,  which  summons  and  dispatches  no  more  blood  than  the 
brain  demands,  or  which  does  so  entirely  in  accordance  with 
the  action  of  the  brain.  It  is  impt>S5ible,  therefore,  that  there 
should  be  any  more  appropriate  passage  for  the  carotids  than 
through  the  cavernous  sinuses. 

G25c.  Liketci^e  for  th'  mnuses,  namely,  for  the  four  sinuses 
of  the  basis  of  the  skull,  which  have  their  origin  near  the  sella, 
and  in  the  jwsterior  angle  of  the  cavernous  sinuses;  thus.  1, 
for  the  superior  ])etrosal  sinus,  which  is  longer  or  more  slender, 
and  which  near  the  carotid  intlecta  itself  in  the  manner  of  the 
letter  <',  in  order  to  receive  its  liquid  from  the  circular  sinus ;  and, 
2,  for  the  inferior  petrosal  sinus,  which  is  shorter,  wider  or  larger, 
and  which  bends  itself  in  the  maiMicr  of  the  letter/ around  that 
posterior  part  towards  the  productions  of  the  posterior  clinoid 
pPKCsses,  so  that  it  may  sip  in  that  liquid  which  is  expressed 

into  the  third  or  posterior  receptacle.     Venous  orifices  also  open 

there  into  that  same  receptnclo. 

C25(/.  AIho  a  jmssatfe  for  the  i^eins,  namely,  for  the  two  of 
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which  Ridley  make?  ineutiou  [viz.,  the  ophthalmic  vein  aud  the 
vein  of  the  foramen  ovale  ^]  and  which  he  declares  to  have  found 
in  that  saine  place  where  Vieussens  places  his  receptacles, 
namely,  the  cavernous  sinuses ;  hesides  other  venous  shoots 
which  open  into  the  iuferior  petrosal  siuus. 

625c.  And  for  nei'ves,  namely,  for  all  the  motor  nerves  of  the 
eye,  and  for  branches  of  the  fifth  nerve,  which  by  that  way  tend 
towards  the  orbit,  and  which  apply  themselves  to  the  carotids, 
in  ordur  that  they  may  be  wanned  by  its  heat,  so  that  they  may 
never  grow  torpid  as  long  as  the  brain  is  heated  by  blood. 
These  nerves  also  tie  the  artery  to  themselves  in  such  a  manner 
that  they  are  of  one  spirit  in  their  work  aud  their  activity. 
This  also  is  demanded  by  the  organ  of  so  subtle  a  sense  as  the 

ej& 

625/  The  cavei^noue  sinuses  also  tva^vii  all  pai'ts  ivitk  the 
heat  of  a  hath,  oh  it  were,  ivhidi  is  increased  to  stick  a  point 
tlutt  (lie  jrroce^tties  of  dissotvlntj,  covn/iingling  and  transmUtlng 
Uqmds  are  carried  on  in  a  satisfactory  "ma  nner.  Without 
degrees  of  a  moderate  heat,  animal  chemistry  in  vain  secretes 
its  essences,  aud  j^repares  its  spirits  and  extracts.  Since  there 
is  in  the  brain  tlie  most  perfect  application  of  that  an  and 
science,  we  must  therefore  observe  that  in  the  brain  there  are 
similar  degrees,  or  similar  shades  of  temperature,  namely,  by 
reason  of  the  abundant  blood  of  the  pia  mater,  by  the  perpetual 
dissolutinii  of  ]>arts,  and  the  constant  modification  of  the  sub- 
stance, much  heat  is  set  free  near  the  cortex  of  the  brain. 
Agaiu.  a  leas  degree  of  heat  prevails  in  the  medullary  substance, 
where,  nevertheless,  there  are  small,  but  numerous  diverticles  of 
blood  The  heat  is  still  more  reduced  iu  the  ventricles;  for 
this  reason,  namely,  that  the  nervous  Huid.  the  animal  spirity 
may  there  be  iuviscated,  and  wedded  to  the  serous  fluid  ex- 
pressed from  the  choroid  plexuses,  Bt-ydud  the  ventricles, 
through  the  infundibulum,  the  colder  region  again  gives  way  to 
one  which  is  warmer;  that  id.  ou  approaching  the  pituitary 
gland  the  heat  increases  iu  order  that  the  mixture  may  again 
'  See  Appcndix.Kote  tl,  do.  30.— KurroB. 
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be  resolved.  The  cavernous  siuuses  theuiselves  are  a  kind  of 
hoc  bath.  This  appears  from  these  considerations:  firstt  so  far 
aa  the  iufuudibuhuu  is  concerned,  there  is  poured  arouiul  thia 
organ  the  whole  arterial  supply  which  ascends  to  the  brain  ;  the 
stem  of  the  united  vertebral  arteries  presses  gently  against  its 
sides  J  the  carotids  of  both  sides,  on  the  other  hand,  inflect 
thither  their  tninks,  and  the  comniunicatinj(  branch  embraces 
the  infundibulum  ;  for  both  these  vessels,  on  their  way  towanis 
the  posterior  parts  of  the  cerebrum  and  the  choroid  plexuses, 
incline  themselves  obliquely  iu  the  direction  of  this  organ; 
little  shoots  also  ]ienetrate  its  substance ;  and  there  is  a  certain 
texture  of  vessels  by  which  it  is  engirded.  Numerous  san- 
^lineous  shoots,  on  the  other  hand,  puss  through  the  pituitary 
gland  itself,  and  the  newly-arrived  carotids,  on  either  side,  by 
pressing  against  the  gland,  with  their  arterial  stream,  foment  it 
with  a  great  heat — without  mentioning  the  little  sinuses  of 
the  gland,  the  rete  niirabile.  and  other  little  vascular  plexuses, 
all  of  which  give  out  some  heat  The  very  walls  of  the 
cavenious  sinuses  also,  with  sinuses  and  veins  opening  into 
them,  replete  with  blood,  e.xhale  a  perjjetual  warmth;  which 
warmth  is  kindled  by  the  plcxiform  shoots  which  are  scattered 
in  every  direction  from  the  carotida  Besides,  the  mutual 
tremors  of  dissolved  and  connected  particles  are  productive  of 
heat  from  their  iuinost  nature.  The  cavernous  sinuses  are  thus 
regular  caldrons,  which  are  subservient  in  a  most  suitable 
manner  to  the  sepuratioD  of  the  ventiicular  wave.  Thus  a 
most  niild  heac  in  thia  fire-place  of  the  laboratory,  increased  by 
degrees,  penetrates  the  texture  of  the  parts,  and  with  the  aid  of 
a  suitable  disposition  of  the  organs  themselves,  and  of  the 
recipient  vessels,  it  resolves  that  liquid  gradually  into  its 
individual  component  parts,  and  indeed  iu  accordance  with  the 
intentions  ot^  the  operating  brain.  In  onler  that  thia  thermal 
temperature  may  constantly  be  preserved  under  the  gland, 
and  throughout  the  whole  of  that  space  through  which 
the  spirituous  lymph — the  fluid  of  the  second  order — makes 
its    way    in    the    bone,    the    sjjheuoidal   siuuses    are    planted 
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and  excavated  under  the  sella  turcica  itself,  and  under 
the  cavernous  sinuses  by  which  it  ia  surrounded,  and  only  a 
thin  ceiling  or  bottom  intervenes.  In  these  sinuses  there 
prevails  a  tepid  air  which  foments  the  bottom,  and  which  is 
renewed  during  each  respiratory  intenal  by  a  commuuicatioc 
with  the  cavity  of  the  nose ;  and,  indeed,  lest  the  heat  in  the 
cavernous  sinuses,  by  becoming  too  dry,  might  be  productive  of 
harm.  All  around,  also,  the  substance  of  the  bone  is  ponms,  so 
that  there  may  be  a  thorough  communication  of  heat,  and  also 
of  the  tremor  which  concentres  towards  the  cavernous  sinuses 
and  the  gland,  and  that  the  spirituous  vapours  may  find  an  exit. 

G2o^.  An<U  fH'iiJier,  that  through  tht*.  itieduttion  of  the 
Cdvernoua  t^muscs  i Jie re tnay  exist  a  due  comTnunicution,  first, 
of  the  Uqxdd — the  grosser  serum — which  presses  in  from  the 
sellft  turciiXt,  For  the  two  lateral  receptacles  of  the  cavernous 
sinuses  intercommunicate  through  a  third  receptacle  which  ia 
called  the  mediating  or  conciliatoiy  receptacle.  Vieussens 
thinks  that  this  intercommunication  takes  place  also  on  top. 
Suppose  even  that  there  is  a  certain  membranous,  tendinous  or 
bony  septum  which  divides  each  cavernous  sinus  in  a  longi- 
tudinal direction,  nevertheless  this  division  extends  only  to  a 
middle  height,  and  is  mostly  tuw ;  so  that  there  is  always  an 
opou  communication  in  the  upper  part  of  each  cavernous  sinus, 
even  if  there  is  not  an  inU^rcunnnunication  between  the  sinuses 
of  either  side.  It  follows^  therefore,  that  all  the  serum  which 
presses  into  these  ca\aties  is  equally  tlistributed  among  the 
-cavernous  sinuses  uf  cither  side ;  and  this  is  pcssible  if  the 
third  or  lower  receptacle  [in  the  back  uf  the  sella]  is  small  or 
furnished  with  a  spongy  substance ;  which,  acconling  to  Mor- 
ga^ni,  Is  the  fact  in  some  cases. 

ij'ibh,  SEroxDLY,  that  tlwrc  may  exist  a  due  atmmunication 
of  Utr.  carotids  with  vne  another,  as  well  as  imUi.  the  nrdi' 
gland.  This  is  produced  in  animals  by  meaus  uf  the  rete  mira- 
bile,  which  will  be  discussed  in  the  next  chapter.  The  carotids 
also,  like  satellites,  keep  close  to  both  sidles  of  the  gland,  and  if 
they  do  not  communicate  through  a  reie  mirabile,  they  do  so  at 
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least  in  tlie  gland  itself,  into  which  they  de.«tpatch  shoots,  and 
II  vascular  plc^xus. 

C25i.  TliifHlly,  that  Ute  hfraphfduds  may  communicate  vnth 
hlooil-vesads  i»  the  Hubjacent  bone.     The  appellation  "lymphe- 
ducts"  Willis  applies  to  those  passages  in  the  sphenoid  bone  which 
depart  from  the  sella  turcica ;  and  since  the  mouths  of  these 
ductfi  gape  open  in    the  calf,  they  manifestly  differ  from  the 
remaining  orirtces  into  which  arterial  shoots  are  inserted.     For 
the  very  liquid,  the  exist^mco  of  which  in  the  gland  has  been 
demonstrated,  is  carried  abroad ;  and  this  discharge  takes  place 
not  oidy  into  these  lyrapheducts.  but  also  into  the  dura  mater 
which  is  spread  out  over  the  gland,  through  which  said  fluid 
U   conveyed    into    tlie  circular    sinus.'      By   both    ways,   the 
riuid  in  question  seeks  the  lateral  sinuses.     The  lympheduets, 
so-called,  communicate  in  the  interior  of  the  bone  with  blood- 
vessels, as    appears  from    Vieussens'  experiment.     In   making 
that  experiment  the  two   ca.rotids   are  tied  above  and    below 
[the  sella  turcica],  and  then  a  coloured  liquid  is  injected,  when 
the  bony  substance  becomes  dyed,  and  the  injected  liquid  flows 
out  of  a  section  of  thi.'  bone.     This  is  a  decide<l   proof  that 
arterial    shoots  of  the   carotids   not   only  penetrate  the  bony 
subfitauce,    but    also   communicate    with    those   lympheduets ; 
especially  whru  it  is  noticed  that  the  injected   liquid  trickles 
out  in  rirop.s.     l*his  coiimiuuication  is  for  the  purpose  that  the 
spirituous   lym]>h  may  be   mixed  with  blood,  so  that  it  may 
parsue  its  way  towards  the  lateral  sinuses,  and  may  not  be  dis- 
sipated on  the  way,  and  e9ca|>e. 

62oy'.  ThiU  ihhi  commtitfkntion  bHween  !ymp}iedud»  ami 
blood'VetiseU  mity  til«o  be  effected  in  the  mminx  which  Uvea 
the  iwlUi.  A  similar  communication  to  that  which  is  effected 
in  the  bone  itself,  seems  also  to  tak**  place  in  the  duni  mater; 
in  that  the  spirituous  juice  of  the  gland — the  fluid  of  the /»Vh/ 
order — through  nervous  filaments  which  are  mentioned  by 
Vieussena  and  Littre,  is  derived  into  the  spread-out  meninx.  and 

'  Cnnofming  the  ilerivatinn  of  tltr  Apirituntia  juice  of  the  glnnil  into  the 
circnUr stilus,  see  Api>ciidix,  Nitn  vi..  im.  10. — Ki)Itor. 
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iheDce  into  the  little  ainus  [the  circular  sinus],  together  with 
the  venous  blood  which  tiows  into  the  same  sinus,  namely,  with 
that  blood  which  is  curried  away  from  the  muscular  part  of  the 
gland,  which  seeuis  to  bear  a  venous  character,  iu  so  far  as  it 
enters  the  little  sinuses  of  tlie  gland  (Vicussous  and  Ridley  also 
describe  it  as  venous).  That  same  bhxjd,  however,  is  not  intro- 
duced immediately  from  the  carotid  or  from  the  rete  mirabile,  as 
is  the  case  with  the  blood  which  enters  into  the  bone,  which  has 
been  treated  of  above.  But  it  amounts  to  the  same  thing, 
namely,  the  spirit  which  leaves  the  gland  embodied  in  lymph, 
is  wedded  also  to  blood. 

U2o/v,  li  aeeins  alao  tw  if  the  o.i.veni0U8  sintises  did  not 
iul/nit  iiitu  tfuir  cavity  any  otiier  jiaid  [ffoin  tiie  pUuiiary 
rjland]  exceitt  Oaii  whidi  collects  itrotuul  tlie  gUmd;  that  is. 
it  does  not  axlmit  any  other  by  the  way  between  tlie  pro- 
duction i)i'  the  meninx,  where  the  inferior  petrosal  sinuses 
apply  themselves  to  the  sella ;  or,  iu  other  wonls,  it  does  not 
admit  any  other  liquid  into  the  iutercommunicating  receptacle 
[iu  the  rear  of  the  gland].  Here  Vieusseus*  and  Ridley  s 
experiments,  and  that  of  Ortlob  meutionetl  by  Morgagni,  seem 
to  conflict  with  one  another."  Alter  discussing  these  ex}>cri- 
mentfi  at  cousiderable  length  Swodenborg  concludes, — "  It 
tlierefore  seems  that  it  ainn<»t  yet  be  contested  by  contra- 
dictory experience  that  any  otlier  Huid  is  discharged  from  the 
gland  into  the  cavernous  sinuses,  excepting  that  which  is 
dilFuaed  over  its  surface,  and  which  is  expressed  into  the 
sinuses." 

025/.  While  the  Imager  reijw'  at  the  lM)ito7n  of  thu  ctivtriumti 
»in%iHCH,  which  ai*e  vwnitUnied  by  Ridley,  seevi  to  receive  tiie 
nutritive  blood  of  Ute  bone  undcnuuth.  This  we  are  allowed 
to  conclude  from  the  fact  that  these  veins  do  u(»t  discharge 
their  contents  altogether  into  tlie  {>etrosal  sinuses,  or  into  the 
lateral   sinuses,  but,  according  to   Ridley's  description,  alter 


'  These  vcini  hn  tlie  **ophtli<vl|]iic  vein,"  coiteerniug  wliivh,  nee  App«DiUx, 
Notu  vi..  riu.  iU ;  Mid  the  **  vein  of  Ut*  uvaJ  foi-atn«u/*  ouooemiuj;  which  sec 
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having  beea  conjoined,  pass  through  the  optic  foramen  into  the 
orbit,  as  well  as  through  the  foramen  ovale.  For  if  these 
veins  did  receive  any  spirituous  essence  from  the  brain,  like 
the  remaining  ducts,  they  would  convey  it  either  into  the 
sinustrs  of  the  base  of  thu  cranium,  or  immediately  towards  the 
jugular  veins.  Wherefore,  suppose  they  carry  their  blood 
outside  the  cranium  through  other  foramina,  there  is  ground  to 
<»njecture  that  they  imbibe  a  different  blood  from  the  bone, 
namely,  such  blood  a;^  the  external  carotids  dispatch  thither,  as 
well  as  into  the  spacious  mucous  membrane  of  the  sphenoid  cavi- 
ties, lor  the  purpose  of  nutrition.  All  this,  however,  still  requires 
to  be  eonfinnoil  by  experience ;  nevertheless,  the  position  of 
those  veins,  the  connection,  substance  and  thickness  of  the 
sphenoid  bone,  and  the  consideration  that  the  proper  blood 
of  this  bone  can  scarcely  be  sent  outside  the  cranium,  seems 
to  confirm  the  probability  of  the  above  conjtxture.  We  begin 
to  see  hero  what  road  the  brain  selects  for  dispatching  its 
spirit  into  the  blood,  namely,  chiefly  through  the  substunce  of 
the  bone  itself,  where  it  can  flow  safe  from  all  injury  and  free 
from  the  action  of  the  .superincumbent  brain.  .  .  . 

G2o7}u  The  vuiss  of  hlood  ivhivh  aiyprodches  the  brains  is 
thus  rC'^utde  and  rentored  by  the  eHscnces  of  the  hi*<tin,  in  the 
mimr  order  in  which  it  i^  deprived,  of  fhet^  et^jfrnce^  In  the 
corilcai    Wild  civerilioiis    sidjstoiices,  and    in    the    fkt)roid 
plr^ust'B.     The  order  in  which  the  bmin  vinfies  again,  by  its 
essences,  the  inert  and  sluggish  blood  of  the  sinuses  which  had 
been  deprived  of  all  its  spirits,  appears  plainly  from  the  insertion 
of  the  petrosal  sinuses  in  the  lateral  sinuses,  and  from  the 
manner  in  which  the  lymphcducts  out  of  ihe  sphenoid  bone  are 
gathered  together  into  the  same  sinuses.     Into  the  very  belly 
or  trough  of  the  lateral  sinuseH  is  discharged  the  very  aiiimal 
spirit  [through  the  superior  petrosal  sinuses],     fielow.  where 
the  lateral  sinuses  terminate   in   the  jugular  foss:c,  there  is 
emptied  into  them,  through  the  inferior  petrosal  sinuses.  & 
liquid  endowed  with  little,  if  with  any.  spirit  at  all.     Still 
further  down,  that  is,  into  the  jugular  vein  itself,  or  into  the 
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subclavian,  is  emptied  all  the  lymph  of  the  thoracic  duct,  as  well 
as  the  recent  chyle.  All  these  iugiedieuts  are  stirred  up 
together  in  the  whirlpool  of  the  right  heart;  and  thence  they 
pass  through  the  lungs,  where  they  deposit  eveiythiug  incon- 
gruous, and  all  tiatulent  breaths,  and  where  they  imbibe  instead 
volatile  essences  from  the  very  air ;  and  then  at  last  they  return 
into  the  arteries  of  the  body.  The  spirituous  lymph — the  Huida 
of  the  first  and  second  order — as  said  above,  empty  into  the 
widened  ends — the  receptacles — of  the  lateral  sinuses,  so  a-s  to 
reuuimatc  the  whole  mass  of  blood  For  the  purer  and  more 
subtle  au  essence  is,  the  more  swiftly  a  large  volume  of  the 
same  penetrates,  tinctures  and  vivifies  (as  is  >vell  known  from 
the  experience  of  chemistry);  for  to  the  continuous,  stirring 
action  of  the  volume  itself  there  is  added  here  the  action  of  the 
cerebellum,  which  expands  and  contracts  in  alteniate  periotls. 
Presently  there  ia  introduced,  thi*ough  the  inieriur  j>etr<Ksal 
sinuses,  a  liquid  which  is  less  spirituous,  and  which  is  discharged 
immediately  into  the  jugular  fos8£L%  so  that  in  these  bony 
narrows,  nothing  of  the  previously  disposed — tliat  is,  reanimated 
— blood,  out  of  the  receptacles  of  the  lateral  sinuses,  is  able  to 
descend  into  the  body  without  receiving  a  share  of  the  liquid 
out  of  the  inferior  petrosal  sinuses.  At  last,  the  blood,  which  has 
been  prepared  in  this  nmuner  and  made  liquid,  can  become  em- 
bodied, as  it  were,  or  can  furnish  itself  with  a  body,  through  the 
chyle.  For  unless  the  chyle  were  infused  into  a  blood  previously 
vivified,  there  would  result  from  that  mixture  a  kind  of  sluggish 
viscosity.  Wherefore,  the  grosser  ingredients  succeed  in  due 
order,  so  that  the  act  of  commingling  may  be  successfully 
accomplished.  In  exactly  the  same  order  and  according  to  tlie 
same  pnK:edure,  the  blood  is  deprived  of  its  spirit  in  tJie  cortex, 
and  in  the  cineritious  substance  of  the  brain.  Fur  the  genuine 
red  blood,  namely,  that  which  is  more  soluble,  nud  not  so  involved 
in  its  elementar}',  natural  particles,  is  dissolved  into  its  whitu 
blood,  and  enters  the  fibn-s.  The  very  elements  or  ingredients 
of  the  red  bliMMl,  Imwever,  are  chieHy  the  so-called  animal 
spirits,  of  which  the  white  blood  consists,  and  ftirther  n  kind  of 
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subtle  oily  substance  charged  with  volatile  uriimry  matters  by 
which  the  composition  of  the  red  blood  is  effected.  When, 
thereforfi,  the  white  blood  enters  the  fibres,  that  oily  nnd 
volatile  subsuincc  is  separated  thence,  an<I  after  it  is  mLxed  with 
an  attenuated  lymph,  it  enters  into  the  interstices  between  the 
Hbtcs,  and  con?titutes  the  nervous  juice — the  cerebro- spinal 
liipiid.  This  is  the  reason  why  the  cortex  of  the  brain  on  being 
t«»ra  exhales  a  kind  of  volatile  urinary  breath,  and  why  it  seems 
jrreased  and  anointed  with  an  attenuated  oily  lymph,  as  is 
S.I10WU  by  the  ex|>erience  collected  In  the  chapter  on  the 
Cortical  Substance.  Those  two  fluids,  namely,  that  which 
circulates  in  the  fibres,  and  that  which  percolates  through  the 
interstices  between  the  fibres,  are  again  set  free  in  the  lateral 
ventricles,  and  conjoin  themselves  there  with  the  serum  of 
the  choroid  plexusesL  The  ventricular  lifjuid  composed  in  this 
inanner  enters  the  infundibulum,  and  before  it  reaches  the 
arch-gland,  is  resolved  again,  firsts  into  the  white  blood,  to 
which  s<uue  of  the  nervotis  juice— the  cerebro-spinal  liquid — 
scem«  to  be  admixed ;  and  secondly^  into  the  remaining  juice 
which  is  composed  of  the  lymph  of  the  choroid  plexuses,  and 
which  also  seems  to  be  charged  with  nervous  juice — cerebro- 
spinal liquid — and  to  occupy  the  integument  of  the  gland.  In 
that  same  order,  therefore,  in  which  the  ingredients  of  the  blood 
are  separated,  first  in  the  brain,  and  afterwards  again  in  the 
infundibulum,  they  are  again  recompoundud.  Still,  these 
iiigredientA  cAunot  be  recompounded  into  red  blood  before  a 
n«w  volatile  urinary  substance  is  introduced  again  from  the  new 
chyle,  and  afterwards  from  the  air  in  the  lungs.  To  the  con- 
veyance and  applicatioji  of  this  volatile  substance  with  its  salts, 
nitres,  and  other  elementary  substances,  the  common  water  lends 
its  aid,  and  in  this  manner  constitutes  the  serum  of  the  blood. 
Still  the  same  quantity  of  spirituous  essence  which  is  expended 
u|iou  the  fibres  of  the  cerebrum,  cerebellum,  medulla  oblongata, 
and  spinal  cord,  has  to  be  supplied  again  to  the  blood  through 
the  pituitiiry  gland,  as  well  as  through  the  remaining  [lymphatic] 
glands  of  the  Kxly.     Hut  that  quantity  of  the  animal  spirit 
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ivhich  has  been  consumed  in  feeding  the  body,  and  which  has 
become  obsolete  by  inviacations  and  involutions  in  the  tissues 
and  liquids  of  the  body,  is  replaced  by  the  new  spirit  which  is 
elaborated  by  the  brains  and  the  medulla  oblongata  and  spinalis. 
The  regeneration  of  this  spirit  goes  on  perpetually  in  that  sub- 
stance which  is  the  parent  of  the  animal  spirit,  as  is  proved 
from  experience  in  the  chapter  on  the  Cortical  Substance. 


G.  WltLls.^ — "  As  this  plexus  of  vessels,  called  rete  luiTa- 
bile,  in  some  iuHtJinoefl,  in  found  v(?ry  large,  iu  others  very  small. 
therefore  the  pituitary  gland  in  the  latter  case  receives  fewer,  and 
in  the  former  considerably  more  branches;  and  in  some  animals  it 

ircoly  receives  any  shoots  at  nil  from  the  arteries.  The  varied 
'"proj>ortion  in  the  size  of  the  '  rete '  corresponds  to  a  different  dis- 
tribution of  the  vessels.  It  is  to  be  observed,  therefore,  that  in 
some  animals,  especially  in  man  and  the  horse,  the  rete  mirabile  is 
wanting  altogether;  and  because  in  them  both  carotids  are  carried 
about  in  a  roundabout  way  through  the  recesses  of  the  cranial 
bone,  iu  man  one  or  two  ahixjts,  or  none  at  all,  are  introduced 
(rotii  these  arteries  into  the  pituitary  gland ;  while  iu  the  hor^ 
only  u  few  branches  enter  the  gland,  which  therefore  becomes 
smaller  iu  size.  In  most  other  animals,  however,  especially  in 
tlitise  where  the  rete  mirabile   is   present,  many  blood-vessels 

iter  the  gland  ;  which  can  be  proved  by  inspection,  and  also 
experimentally.  For  if  a  liquid  dyed  black  be  injected  into  the 
car<ui<l  with  a  syringe,  the  exterior  part  of  the  gland,  which  is 
interwoven  with  sanguineous  vessels,  will,  for  the  most  part,  be 
imbued  with  a  black  colour.  .  .  In  those  animals  wliich  have  a 
larger  pituitary  gland,  many  foraniina  of  considerable  si/e  are 
present  in  the  bone  underneath.  Again  I  often  noticed  that 
vessels  or  canals  are  interiorly  in  these  foramina.  Uj>on  injecting 
iu  the  calf  ink  into  one  of  the  larger  foraniina  in  the  bone,  the 
blackened  li<juid  at  once  entti^  the  smaller  veins  under  the 
booe,  and  penetrates  thence  into  the  jugular  vein  (pp.  29,  ^iO). 
*  "  Cerebri  Aafttome,"  etc,  C«p.  IV..  VII. 
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...  In  the  dog,  lux,  sheep,  calf,  deer,  and  most  other  animals, 
both  carotids,  while  hidden  away  under  the  dura  nmter  on  the 
bone  of  the  cranium,  are  divided  into  exceedingly  small  shoots, 
and  these  shoots  interlaced  with  other  vessels,  that  is,  with 
veins  and  nervous  fibres,  constitute  retifonii  plexuses.  These 
plexuses  extend  on  either  side  of  the  sella  turcica,  and  fill  the 
cavities  which  are  found  there.  After  all  these  vessels  have 
thus  been  interwoven  in  various  ways,  some  arterial  shoots, 
which  have  become  extricated  from  the  rest  and  again  reunited, 
coalesce  in  that  carotid  trunk  which,  after  perforating  the  dura 
nmter,  ascends  straightway  into  the  cerebrum.  The  above- 
mentioned  plexus  is  conim4)nly  called  the  vvir  viinLbile,  and 
indeed  justly  so,  because  nothing  in  the  whole  fabric  of  the 
animal  body  is  more  worthy  of  admiration.  Besides  the 
arterial  branches  which  proceed  from  the  two  ascending  carotids, 
venous  shoots  are  met  with  in  this  plexus,  although  tliey  are 
fewer;  these  veuoxis  shoots  are  derived  from  branches  of  the 
internal  descending  jugular  vein.  Both  kinds  of  vessels,  alter 
becoming  divided  into  minute  shoots,  like  bundles  of  twiste<i 
silk-thread,  are  variously  interwoven;  this  network  of  vessels, 
however,  is  sustained  by  nervous  tibress  which  are  supplied  by 
the  larger  trunk  of  the  tifth  pair  of  nerves.  The  above-meo- 
tioned  plexus  of  vessels,  or  the  rete  mirabile,  in  some  animals  is 
very  much  larger,  and  contains  many  more  intertwisted  vessels, 
than  is  the  case  in  others;  for  in  the  calf,  sheep,  goat, 
and  the  rest  which  feed  on  grass,  its  compages  is  larger  than 
in  the  dog,  cat,  and  in  other  carnivorous  and  hotttT  animals. 
It  must  further  be  observed  that  where  the  ivte  mirabile  is 
larger,  the  plexus  of  one  side  is  inosculated  into  that  of  the 
other  side,  and  that  from  either  plexus  very  many  shoots  of 
vessels  enter  the  pituitm-y  gland ;  so  many  iudcod,  that  if  you 
inject  a  blackened  licjuid  into  the  trunk  of  any  artery  below  the 
cranium,  the  vessels  or  plexuses  of  both  sides  are  imbued  with  the 
dye,  and  the  blacki-ued  humour  will  flow  out  of  the  trunk  of  the 
opposite  arterj'  that  h:ia  born  cut  Often  also  we  witnessei!  the 
following  experiiueuL     Let  the  carotids  be  laid  bare  on  either 
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side  of  the  neck,  so  that  their  little  tubes  are  exposed  to  the 
sight  to  the  length  nf  about  one  inch  and  a  half;  then  let  a  dyed 
li(|uidj  contained  in  a  large  syringe,  be  forced  upwards  through  the 
carotid  trunk  of  one  side;  and  after  one  or  twu  injections  you  will 
aee  the  dye  returning  on  the  other  side  througli  the  trunk  of  the 
opposite  artery.  Nay,  if  said  dye  is  injected  very  copiously  in 
the  direction  of  the  head,  it  will  thence  flow  back  through  the 
arter}'  of  the  opposite  side,  below  the  diaphragm,  and  will 
finally  reach  the  lowest  part  of  the  body  ;  and  meanwhile  little 
or  nothing  at  all  of  the  injected  dye  will  How  back  through  the 
large,  external,  jtignlar  veins.  If  afterwards  the  head  is  openeti. 
it  will  be  found  that  all  the  arteries  before  their  ingress  into  the 
head,  and  all  their  attendant  veins,  are  imbued  with  the  colour 
of  the  injected  fluid.  Some  traces  of  the  dye  will  also  appear 
in  the  vessels  which  constitute  the  rete  rairabile,  and  which  cover 
the  base  of  the  brain  (pp.  r'U,  32).  ...  In  this  respect  man, 
indeed,  differs  from  most  animals;  namely,  in  this,  that  in 
animals  the  carotid  artery,  after  being  divided  into  thousand 
shoots,  constitutes  retifonn  plexuses  (p.  54).  .  .  .  Most  animals, 
<HtferentIy  from  man  and  the  horse,  have  the  rete  niirabile 
wijoined  to  the  carotid  artery  ;  indeed,  this  is  the  case  in  so  many 
s})ecies  of  animals,  that  common  anatomy  declares  that  it  is 
present  in  all  animals,  including  cvlmi  man.  In  those  animals 
where  it  is  found,  we  notice  that  the  carotid  artery  about  to 
enter  the  cranial  cavity  is  not  carried  over  such  a  long  circuit, 
but  emerging  near  the  sella  turcica,  is  at  once  divided  into 
little  shoots,  yet  so  that  one  small  channel  extends  through  the 
£ella  in  a  straight  direction,  and  that  through  the  same  the 
blood  flows  placidly,  crosses  the  same  without  delay,  and  is  at 
onci?  received  in  the  cerebrum.  Many  little  rivulets,  however, 
ure  derived  from  the  side  of  the  sella  in  every  direction,  nnd 
into  these  the  imjyetuous  bIoo<i  is  ea.sily  diverted  in  its  ascent. 
These  little  rivulets  are  partly  ingrafted  in  the  venous  passages 
of  tho  sella,  and  in  the  vessels  of  the  other  ^ide,  and  partly  they 
are  carried  into  the  pituitary  glaml ;  and  partly  also,  after 
dfjici-ibing  a  circuit,  they  return  into  the  tunuer  trunk  of  the 
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artery.  That  this  is  so  is  proved  by  ocular  inspection,  and  besides 
it  may  be  demonstrated  by  the  following  experiment  If  below 
the  cranium  a  liquid  of  an  inky  colour  be  gently  and  gradually 
injected  into  the  carotid,  after  passing  through  the  straight 
passage,  it  is  at  once  carried  to  the  cerebrum,  nor  does  it  imbue 
the  lateral  vessels  of  the  plexus  with  its  colour :  but  if  this 
liquid  be  8(|ueezed  in  rapidly  and  impetuously.it  runs  at  once 
into  the  plexus,  and  even  into  the  side  of  the  pituitary  gland 
turned  towards  it,  penetrating  into  its  interior  structure" 
(pp.  55,  5fi).  Consult  also  the  author's  drawing  of  the  carotid 
in  the  brain  of  a  horse,  and  of  the  rete  niirablc  in  a  calfs  brain. 
In  the  former  drawing  it  may  be  seen  liow  the  carotid  of  one 
side,  immediately  upon  its  entrance  into  the  cranium  through 
a  great  anastomosis,  communicates  with  that  of  the  other  sidif. 
and  then  sends  several  branches  intn  the  pituitary  gland. 

627.  VlEUSSEXS.* — "  While  the  carotid  arteries  are  within 
tiie  cavernous  sinuses,  they  recline  there  twisted  a  little,  and 
bent  up  in  themselves.  They  send  out  many  exceedingly 
slender  shoots,  lest  they  should  touch  immediately  the  anterior 
branches  of  the  fifth  pair  of  nerves  and  the  sides  of  the  pituitary 
gland ;  and  some  of  these  shoots  tending  in  an  anterior  direction 
pass  under  the  optic  uervos.  Others  which  verge  towards  the 
upper  part  of  the  cavernous  sinuses,  and  adhere  there,  after 
breaking  up  into  almost  insen.sihie  shoots,  are  joined  together 
ill  the  form  of  an  exceedingly  small  reticular  plexus;  others  are 
carried  towards  the  pituitary  gland,  and  are  inserted  into  it ; 
still  others  aim  towards  the  gangliform  plexuses  of  tlie  nerves 
of  the  fifth  pair,  where  they  terminate ;  and  still  otliers  which 
are  bent  backwards  are  folded  together  a  little,  and  then,  in 
order  that  they  may  enter  the  substance  of  tlie  sphenoid  boue, 
after  th(!  dura  mater  has  b<^en  j>ierced,  said  bone  is  perforatt*d 
by  very  small  foramina,  which  are  driven  into  the  posterior  part 
of  the  same  sphenoid  bone,  and  into  its  sides,  near  the  origin  of 
the  cavernous  sinuses.  After  the  carotid  arteries,  while  they 
are  still  hidden  away  within  the  cratiiuiu  under  the  dura  mater, 
'  "Ncarograpbia  Uoivenalis,'*  C<k}>    V'U 
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have  sent  out  the  shoots  mentioned  above,  on  ascending  towards 
tliv  cerebrum,  they  perforate  the  dura  mater,  and  prepare 
ft  way  for  themselves  between  the  internal  anterior  processes  of 
the  sphenoid  boue  and  the  optic  nerves,  which  they  touch 
immediately.  ...  As  to  the  rest,  while  the  carotid  arteries  iu 
man,  yea,  even  iu  the  dog,  horse  and  most  other  animals, 
during  the  sojourn  of  the  same  in  the  cavernous  sinuses,  send 
forth  sometimes  very  few  shoots,  of  which  each  is  di^^ttinct  from 
the  other,  or  which  are  only  a  little  interlaced — no  one  will 
consider  it  singular  if  I  declare  that  iu  man,  the  dog,  the  horse, 
and  several  other  auimals.  the  rete  mirabile  is  always  either 
very  small,  or  wanting  altogether.  Nor  is  it  very  small,  or 
wunting  altogether  in  these  subjects,  because  no  venous  vessels 
enter  the  cavernous  sinuses;  but  simply,  because  in  these 
animals  the  carotid  arteries  send  out  fewer  and  smaller  shoots 
than  in  those  which  are  furnished  with  the  rete  mirabile  of 
Galeu,  in  the  latter,  both  carotids,  on  their  first  entrance  into 
the  cranial  cavity,  pass  otT  almost  altogether  into  shoots,  out  of 
which  this  plexus  is  formed.  Heucc  it  is  that  the  carotids  of 
those  animals  in  which  tlie  rete  mirabile  is  large  are  always 
much  smaller  above  tlian  below  the  two  retifonn  plexuses; 
while,  on  the  contrary,  in  man,  the  dog.  the  horse,  and  iu  certain 
other  animals,  where  the  rete  mirabile  is  either  very  small,  or 
wanting  altogether,  the  carotids  are  almost  of  the  same  calibre 
above  as  below  this  plexus,  as  appears  from  ocular  inspection ; 
so  that  it  is  plain  that  during  their  conceuhnent  within  the 
n-aniftl  cavity  underneath  the  dura  mater,  they  generally  send 
uff  few,  and  sometimes  only  a  very  few  shoots.  In  the  calf, 
slieep,  and  most  other  animals,  however,  the  carotids  pass  off 
iitto  almost  numberless  shoots,  which,  upon  beiug  interlaced^ 
form  on  each  side  a  considerable  plexus,  which  Galen,  on  account 
of  some  similarity  which  it  exhibits,  called  the  rete  mirabile, 
Utese  6hot>ts,  al&o,  upon  meeting  together  are  intertwined  with 
one  another  in  the  most  wonderful  way.  and  pass  oif  into  loojis 
which  are  not  unlike  th<-'  meshes  of  a  net.  Thence  it  is,  as  I 
say,  tlrnt  the  rete  mirabile  is  a  plexus  of  vessels  situated  within 
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the  two  cavernous  sinuses,  aud  composed  purely  of  very  many 
shoots  of  the  carotid  arteries,  which  are  either  twined  around 
each  other,  or  inclined  towards  each  other,  at  the  same  time 
forming  one  network.  This  plexus,  however,  in  some  animals 
is  very  much  larger,  aud  the  vessels  of  which  it  consists  form 
many  more  loops  than  they  do  in  others.  In  the  calf,  the 
sheep,  the  goat,  and  the  rest  which  live  on  herbaceous  food,  the 
texture  of  siiid  plexus  is  more  ample  and  more  complicated 
than  in  the  cat,  and  other  carnivorous  animals  which  are  more 
heated ;  and  when  the  texture  of  the  rete  mirabile  is  very  much 
larger,  the  pituitary  gland  receives  thence  many  more  arterial 
shiwats.  The  rete  on  out;  side  also  throws  shoots  into  the  rete 
of  the  other  side,  by  means  of  which  these  two  plexuses  are 
joined,  and  communicate  with  one  another ;  as  Is  proved  by 
this  experiment  that  when  a  blackened  liquid  is  injected  into 
the  tnmk  of  either  artery  below  the  cranium,  the  vessels  of 
both  plexuses  are  imbued  with  the  same  dye,  and  the  blackened 
humour  flows  out  of  the  trunk  ^^  the  opposite  artery  which  has 
been  cut  Willis  asserts  in  his  '  Anatome  Cerebri'  that  the 
rete  mirabile  consists  of  veius.  arteries  and  nervous  fibres ;  this 
great  man,  however,  will  panlon  me,  if  in  company  with  the 
most  experienced  Rolfiuk,  I  assert  that  both  retiforra  plexuses 
consist  sinjpiy  of  shoots  of  the  carotids  without  any  veins. 
This  may  be  proved  by  ocular  demonstration  by  the  foUouHng 
experiment.  Suppose  you  tie  the  carotiils  about  the  middle  of 
the  neck,  and  inject  into  their  trunks  near  the  sella  equina 
some  liquid  of  another  than  blootl-colour.  If  then  thi?  cavernous 
sinuses  are  opened  above,  it  will  appear  that  every  vessel  of  the 
rete  mirabile  bulges  out  manifestly  from  having  re^.'eived  the 
injected  liquid,  and  that  nevertheless  nothing,  or  at  least  only 
little  of  the  injected  liquid  paifses  into  the  adjacent  cavernous 
sinuses,  and  into  the  internal  jugular  veins.  I  say,  'or  only 
little,'  because  it  is  ]>ossible  that  a  small  portion  of  the  injected 
liquid  which  enters  the  cavities  of  the  small  arteries,  scattered 
throiigh  the  spongy  part  of  the  sphenoid  bone,  should  be 
reabsorbed  by  the  smull  veins  which  it  meets  on  the  way,  aud 
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that  through  them  it  should  be  conveyed  gradimlU*.  drop  by 
drop»  partly  into  those  cavities  in  which  the  rete  mirabiie  is 
hidden  away,  and  partly  into  the  four  petmsal  sinuses  n*?ar  the 
sella  equina.  If,  however,  both  retiform  plexuses  really  con- 
sisted of  veins  intenvoven  with  arteries,  which  veins  would 
terminate  either  in  the  four  petrosal  sinuses,  or  in  the  iitterual 
jugular  veins,  the  liquid,  which  had  been  injected  into  the 
trunks  of  the  carotids,  would  descend  out  of  the  retiform 
plexuses  either  into  the  above-named  sinuses,  and  thence  iuto 
the  internal  jugular  veins,  or  else  it  would  pass  immediately 
into  the  ju^Milar  veins  themselves,  and,  indeed,  not  gradually  or 
drop  by  drop,  but  most  swiftly  and  in  a  sufficient  quantity" 
(pp.  44-46). 

This  arterial  blood,  when  it  is  about  to  be  diK'harged, 
Vieusseus  thinks  tends  towards  the  optic  nerves,  and  in  this 
way,  through  veins,  enters  into  the  lateral  sinuses;  thmugh 
other  shoots  it  passes  into  the  pituitar)'  gland  ;  through  others 
into  the  gangliform  plexus  of  the  fifth  pair  of  nerves,  and  thus 
into  die  lateral  sinuses;  through  still  otluTs  into  the  spongy 
substance  of  the  sphenoid  bcme,  or  into  the  inferior  petrosal 
siuuses ;  or,  again,  this  same  arterial  blood  is  disused  chrtMigh 
the  dura  mater. 

He  says,  *•  It  is  to  be  noted  that  when  the  sh-'ots  of  \m\\\\ 
(uirotids  are  rinsed  out  either  with  water  or  spirits  of  wine,  and 
examined  within  the  cranial  cavity,  under  the  dura  mater,  and 
when  they  are  uncovered,  each  at  a  time,  some  of  these  shoots 
appear  smaller  than  the  rest,  an<l  when  not  HUed  with  blood 
they  present  some  similarity,  to  nervous  fibres.  This,  no 
doubt,  has  induced  Willis  to  believe  that  some  nervous  t)bi*e8 
enter  into  the  coin]}osition  of  the  retifonn  plexus  of  each  side. 
That  this,  however,  is  erroneous  every  one  may  learn  by  iuv*esti- 
gating  and  uncovering  the  origins  and  instfrtiuns,  both  of  the 
nervous  fibres  and  of  the  supf)f»scd  nerves,  which  enter  the  two 
tobove-mentioned  retiform  plexuses.  For  suppose  it  to  be  true 
that  tnuiks  of  the  motory  nerves  of  the  eye,  and  of  the  sixth 
r  of  nerves,  while  they  are  hidden  under  the  dura  mater 
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>vithin  the  cranial  cavity^  did  enter  into  the  loops  of  either  rete 
mirabile,  still  they  would  progress  fiirther.  and  would  by  no 
means  be  expended  iu  the  fonnation  of  these  plexuses,  as  is  the 
case  with  one  shoot  of  either  nerve  of  the  sixth  pair,  which, 
while  being  contained  iu  the  cavernous  sinuses,  on  its  passage 
to  the  exteriors  of  the  head,  admits  two  shoots  seut  out  from 
the  anterior  branches  of  the  nerves  of  the  fifth  pair,  and  pjisses 
off  into  the  great  sympathetic  nerve  which,  near  its  origin, 
bends  itself  back,  subjects  itself  to  the  carotid  artery,  and 
creeping  between  its  proper  external,  and  its  adscititious  mem- 
brane, emerges  out  of  the  cranium  (p.  +7).  .  .  .  It  is  to  be  noted 
that  although  the  rete  mirabile  in  the  dog,  as  iu  man,  is  either 
wanting  altogether,  or  at  least  is  very  small,  nevertheless,  a 
single  small  sinus,  tilled  partly  with  a  ciueritious  and  s])ongy 
substance,  is  found  within  the  sphenoid  Iwjiie,  dug  out  below  the 
anterior  part  of  the  sella  turcica  "  (p.  48). 

628.  RiHLEY.^ — "  Notwithstandiiig  the  opinions  of  the  late 
Wepfer,  Willis,  and  of  Vieussens  too  (which  two  last  indeed,  but 
only  occasionally  are  willing  to  grant  its  existence  in  men,  who, 
nevertheless,  if  the  supposition  of  Willis  be  true,  namely,  that 
such  cannot  but  be  ibols,  had  better  be  without  it),  together 
with  almost  all  the  ancients,  as  Vesalius.  Cotunibus,  etc.,  to  the 
contrary,  I  have  never  found  this  rete  wanting,  or  experienced 
any  difficulty  iu  discovering  it  in  men.  It  has  its  origin  from, 
and  lies  on  the  inside  of  each  carotid  artery,  iu  that  place  of  the 
circular  sinus  chiefly  which  looks  towanls  the  four  inferior  and 
superior  jKJtrosai  sinuses  on  each  side,  between  the  pituitary 
gland  and  the  carotid  artery  (p.  G4).  .  .  ,  The  carotid  trunk, 
which,  above  the  dura  mater  in  those  creatures  that  have  a  rete 
mirabile,  is  very  small  compared  to  what  it  is  below,  whereas  in 
men  it  is  of  tlie  same  size  on  biith  sides  of  this  membrane — is 
divided  into  seveial  chuunela,  and  these  are  not  only  reticulated 
and  twisted,  but  also  many  of  them,  by  their  insertion  into  the 
pituitary  gland,  are  attended  with  small  veins  issuing  thence, 
whereby  also  some  port  of  the  burden  is  taken  off  (p,  C5).  .  .  . 

*  "  Anfttomy  of  the  Brain."  Chrtplci'8  Vlli..  IX. 
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In  brutes  the  rete  mirabilc  is  not  only  situate  on  each  side  of 
the  pituitary  gland,  but  runs  quite  untler  its  posterior  part,  by 
which  one  side  of  the  rete  couiuiunicates  with  the  other,  a 
dis]x)8itiou  of  this  part  with  which  Vieussens  was  altogether 
unuctjuainied,  whereas  in  man,  inasmuch  as  that  sort  of  struc- 
ture does  nut  exist  in  the  one,  Le.,  in  the  rete,  therefore  it  is  not 
necessary  that  it  should  be  ret^uired  in  the  other,  i.e.,  in  the 
pituitary  glund  (p.  72).  .  .  .  The  rete  lies  in  a  duplicature,  as  it 
were,  of  the  dum  mater,  on  each  side  of  the  |X)sterior  |)art  of  the 
sella  turcica,  a^;  though  one  lamina  of  it  was  spread  upon  the 
subjacent  bone,  jukI  the  other  over  the  pituitary  gland ;  a 
disposition  contrary  t«j  that  in  brutes,  as  we  have  alreaily  taken 
notice  of"  (p.  74). 

(529.  Heister.^—"  The  rete  uiirabile  is  a  retiform  plexus  of 
Vessels  and  membninjieeous  Hbna  situatcvl  on  each  si*Ie  near 
the  pituitary  gland,  and  under  the  dura  niacer,  where  the 
circular  sinus  is.  In  calves  it  is  Uirger  than  in  man,  but  its  uses 
unknown  (Vol.  L,  no.  273,  p.  139).  .  .  .  Not  a  few  authars 
deny  the  existence  of  tliis  rete  in  man.  the  sentiments  of  whom 
are  collected  by  NicolaL^  I  wonder  that  even  Ruysclj,  who  had 
Ht  Hrst  described  this  rete  in  words  and  by  an  illustration.^ 
should  now  class  it  among  fables/  when  yet  the  rete  mirabile 
may  easily  be  exptwed  tn  the  sight  of  every  one,  by  opening 
eareftiliy  the  duru  muter  with  a  sciilj)ol  on  either  side  of  the 
pituitary  gland.  Morgagni  states  in  his  Epist.  Anat.  I„  no.  91, 
that  this  plexus  was  first  described  by  Varolius"  (Vol.  I. 
Note  49.  p.  95). 

630.  LirruE.* — "  The  rete  mirabile  is  a  reticular  plexus  situ- 
on  each  of  the  two  side^  of  the  sella  turcica  It  consists 
of  uinuu»erable  little  brunches  of  nerves  and  arteries  which  com- 
municate with  one  another;  the  nerves  with  the  nerves, and  the 

•  **CoDipciidiam  Anat^tinicuiii/*  AniBterdAm,  1748. 
'  **  DuBcrtAt.  lie  l>ircctiunc  viuuirunk,'*  p.  43. 

»  "KpistoU  Problemtttica,"  XII.,  VUtc  13,  letter  T, 

•  "  Advoiiuinu  AtiaUitnica,"  II.,  p.  4^ 

•  lu    '*  Mi'umireo  "   »il    tliu   Aciidemy  of  Sciencca,  PAris,  1707;  qaot«<I  la 
MAUijct'*  **  ThcAtram  Aimtoiniciim/*  Vol.  11.,  p.  300. 
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arteries  with  the  nrteries.  A  part  of  them,  which  are  detached 
from  the  remainin^r  reticular  body,  pass  oft"  on  both  sides  into 
the  pituitary  j,'land.  The  nerves  originate  from  the  sixth  pair, 
and  also  from  the  anterior  branch  of  the  fifth  pair;  but  the 
arteries  from  the  internal  carotid." 

631.  BlANCHi.' — "  Filaments  distributed  in  all  |x>ssible  dirt'C- 
tioDs  run  out,  and  are  inter^v*ined  in  the  cavities  which  are 
adjacent  to  the  sella,  chiefly  in  the  lateral  ;  this  has  given  rise  to 
the  name  *  rete  niirabile/  The  threads  of  this  rete  do  not  consist 
entirely  of  shoots  of  the  carotids,  as  Vieussens  seems  to  hold, 
but  a  part  of  them  is  contributed  by  solid  and  fleshy  lir.tle  cords, 
which  in  respect  to  size  are  proportioned  to  the  little  muscles 
fixed  on  both  sides  in  the  interiors  of  the  heart,  which  little 
cords  also,  in  an  analogous  form,  are  stretched  from  one  wall  of 
the  cavity  to  the  other ;  to  these  walls  also  they  are  firmly 
attached,  and  from  these  walls  they  are  interlaced  in  various 
forms,  and  run  out.  Tliere  arc  no  nervotis  fibres  pro]>erly  in 
these  retiform  collections,  as  Willis  states ;  some  veins,  however, 
ore  int«rniingle<l,  as  Willis  likewise  maintains  together  with 
Ridky.  Most  of  the  tendinous  little  cords  of  the  rete  mirabile 
derive  their  origin  from  the  tendinous  septum  oi'  the  lateral 
cavities,  and  upon  this  also  they  chiefly  rest  in  their  twistings 
and  turnings.  Other  cords,  both  such  as  are  larger  and  smaller, 
emerge  from  the  internal  suriace  of  the  clinoid  processes,  others 
again  from  the  anterior  surface  of  the  petrous  process,  or 
immediately  from  the  sides  of  the  middle  |)ortion  of  the  sella 
turcica.  They  emerge  higher  or  lower  down,  interiorly  or 
exteriorly,  crossing  in  various  directions,  straight  out,  transverse, 
and  oblique,  and  by  being  fastened  together,  intemtpted,  and 
terminated  in  various  ways,  they  in  this  wise  form  a  dense  net, 
which  is  stretchefl  out  in  every  possible  direction  in  the  cavities 
of  the  membranous  bag.  Above  the  carotids,  however,  it  is 
more  conspicuous,  uud  it  is  firmly  connected  with  them  by  its 
various   threads.     We  also   meet  witli   hard   polv*])s  In  thc«e 

>  "Iieinonstnitio  Aimtoiiiica  K.  M.  NtgriaoUocooacnpta,"  I7lfi,  In  Mangut's 
••  Thcfttrum  Antttoniiciim,"  pp.  342-3'(9. 
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cavities*  which  protnide  roughly  over  the  surface  of  the  walls, 
aud  which  lire  due  no  less  to  retiform  obstructions,  than  to 
simplo  twists  iii  the  cords,  just  as  is  the  case  in  the  ventricles 
of  the  heart,  and  in  the  longitudinal  sinus." 

MoRGAGNi.'—"  Among  tho  things  further  written  on  the 
subject  of  the  rete  mirabile  [viz.,  in  Manget's  *Theatrum 
Anatoraicum/]  I  willingly  approve  and  acknowle<lge  this 
additional  point;  namoly,  that  its  vascular  filaments  are 
increased  by  many  solid  little  muscles,  as  it  were,  wliich  are 
produced  mostly  from  the  dura  mater,  which  constitutes  or 
lines  the  walls  of  the  cavernous  sinuses.  On  this  account,  also, 
I  believe  that  Spigelins  called  this,  our  rete. 'a  membnmous 
plexus,'  and  that  before  him,  Jacobus  Berengarius '■  (who 
dissected,  according  to  his  own  testimony,  one  hundred  human 
heads  almost  solely  for  the  sake  of  this  rete)  said,  that  at  the 
ides  of  the  pituitary  gland,  to  the  right  and  left,  in  a  posterior 
ion,  he  often  saw  and  touched,  under  the  Hum  mater, 
something  like  a  rete,  and  at  the  same  time  something  intricate, 
and  likewise  under  the  dura  mater,  behind  the  'foramen 
nuchflp/  towards  the  *  os  laudc/  and  above  the  sphenoid  bone. 
And  he  added  imuiediately  afterwards,  *  because  Galen  says 
that  the  rete  mirabile  consists  partly  of  the  substance  of  the 
dura  mater,  I  believe  that  the  whole  rete  mirabile  cannot  be 
«eeu,  because  the  dura  mater  is  so  interwoven  with  it,  that  one 
nnot  be  distinguished  from  the  other.'  And  although  Nicolaus 
assa  after  him  taught  that  it  appears  thence  that  the  rete 
metimes  is  a  process  of  most  subtle  arteries  in  the  shape  of 
most  attenuated  villi,  still  Willis  placed  nervous  fibres  in  it; 
yet  the  author  of  the  above  explanation  has  made  it  very  plain. 
that  Willis  meant  thereby  real  villi,  and  fibres  properly  so 
speaking,  and  not  nervous  fibres.  Real  villi,  however,  and 
tendinous  and  muscular  fibres  agree  with  the  nature  of  the  dura 
ater,  whence,  as  I  said,  they  are  propagated.  Would  I  could 
corroborate  in  the  same  way  what  this  author  further  affirmed 

'  **  AdTDiMrU  Anatomica,"  V'l. ;  AniiiuulverBio,  XXX. 
•  "l>c  hum.  Corp.  fabr.,"  Lilier.  X.  Cap.  4. 
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in  respect  to  the  same  rete  mirabile,  uomely,  that  it  is  always 
present,  uo  less  iu  niaD,  than  in  certain  other  animals.  Nor  do 
I  say  this  for  this  reason  only,  because  I  have  always  been  iu 
the  habit  of  declaring  and  of  repeating  constantly  that  I  have 
not  dissected  any  aaiuials,  and  therefore  do  uot  kniiw  huw  this 
n^atter  is  circumstanced  in  any  animal ;  but  I  say,  it  because  1 
have  noticed  that  scarcely  any  anatomist,  among  those  who 
acknowledge  that  the  rete  mirabile  exists  in  man,  but  has 
declared  that  it  is  less  conspicuous  iu  him  than  in  many  animals 
which  they  enumerate;  so  also  in  some  human  heads  I  have 
noticed  some  exceedingly  slight  ti*aces  of  the  same  rete ;  which 
I  find  !iaa  also  been  noticed  by  many  other  anatomists  "  (p.  37). 
633.  Jacobus  Bekengarics  Cakpus,*  who  confesses  that  ht: 
dissected  more  than  a  hundred  human  heads  almost  entirely 
for  the  sake  ol  the  rete  mirabile,  and  yet  is  still  in  a  state  of 
uncertainty  about  it,  says — "  My  opinion  is  that  if  there  is  a  rete 
accoi'ding  to  the  position  assigned  to  it  by  Galen,  it  must  be 
admitted  that  Galen  has  been  here  totally  iu  the  wrong,  for  he 
says  that  as  soon  as  th^^  carotid  arteries  have  ascended  over  the 
sphenoid  bone,  they  are  at  once  divided  into  leust  shoots,  and 
compose  a  rete ;  and  afterwards  again,  he  says  '  that  out  of  all 
the  branches  of  the  rete,  two  branches  of  the  carotid  arteries  are 
again  made  up,  which  perforate  the  dura  mater,  and  climb  up 
into  the  cerebrum.'  And  this  is  uot  true,  because  I  have  otleu 
introduced  a  small  probe  into  the  above-mentioned  large 
branches  of  tlie  carotids,  as  they  ascend  into  the  neighbourhood 
of  the  optic  uerves,  and  I  f(»und  tliat  the  probe,  without  meeting 
with  any  obstacle,  pt;uL*ti'ati!d  right  through  these  arteries  into 
the  very  substance  of  the  sphenoid  bone.  If.  however,  the 
aforesaid  arteries  had  been  interwoven  and  divided  into  lai&t 
shoots  above  the  sphenoid  bone,  as  stated  by  Galen,  the  probe 
could  never  have  penetrated  down  into  the  substance  of  the  bone' 
through  the  littlo  arteries,  without  meeting  with  an  obstruction. 
I  conclude  from  this  experiment  that  there  is  no  rete  mirabile 

'  "C'ninmcntanaconn  lanpliasmtisadtlttionibiiaanFrftauatoiniiun  MaDclhucum 
teitu  L'jtin  ill  piutiuniu  uiturem  rt'ducUi,"  Bulogp*,  ld21»  W^i  ji.  ccc'  Hx^  ».ft. 


ITS  STUUCTURE. 


"95 


there  \  but  I  believe  that  the  aforesaid  ascendiug  arteries,  which 
are  divided  inco  least  shoots  iu  the  pia  muter,  are  sufficient  for 
fiubtilizing  the  vital  spirit,  which  afterwards  iu  that  reJiued  form 
aacends  into  the  substance  of  the  cerebrum  and  is  digested 
there;  and  which,  IVom  the  substance  of  the  cerebrum,  passes 
into  its  ventricles,  where  it  is  afterwards  digested.  1,  therefore> 
believe  that  the  rete  mirable  is  rather  a  creation  of  Galen's 
imagination  thai»  that  he  ever  ha<l  a  good  look  of  it ;  and  1 
believe  that  all  others  after  Galen  place  the  rete  mirabile  more 
on  the  streugth  of  Galenas  opinion,  than  because  they  have 
<ii8covered  it  by  their  own  senses." 

<)34<i.  Wei'KKH*  says, — '*  Galen  places  the  rete  mirabile  under 
the  dura  mater  where  the  pituitary  glaitd  is,  namely,  a  little 
before  this  gland  outside  the  duru  mater,  where  he  says  it  exists 
manifestly ;  that  gland,  he  says,  the  rete  embraces  in  a  circular 
form,  it  touches  the  same  far  back,  and  it  underlies  almost  the 
whole  of  its  base.  Afterwartls  he  describes  it  as  not  being 
simple,  but  as  if  several  iietH  were  placed  one  on  top  of  the 
other,  so,  however,  that  thtKse  iu  the  middle  are  connected  with 
one  another,  and  cannot  be  loosened  from  one  another,  and  torn 
off  without  being  injured.  Finally,  he  says  that  in  a  great 
measure  the  rete  is  j'ormed  of  the  arteries  which  tend  from  the 
heart  towards  tlie  head;  and,  indeed,  of  the  small  shoots  of 
those  arteries  which  pass  off  into  the  neck,  and  the  external 
parts  of  the  face  and  head  (p.  20).  .  .  .  He  mauifcutly  teachea 
that  after  the  larger  port  of  the  carotid  artery  has  been  received 
into  the  cranium,  and  before  it  enters  into  the  cerebrum  through 
the  dura  mater,  it  is  divided  into  a  rete  mirabile,  and  then 
afterwards,  before  its  entrance,  it  again  coalesces.  Finally,  he 
declares  that  the  use  of  this  rete  consists  iu  tliis,  that  the  vital 
spirit  abides  there  until  it  is  sufficiently  prepared  and  digesteii 
for  the  production  of  the  animal  spirit,  and  that  then  it  does 
not  only  proceed  at  once  into  the  venineles,  but  is  also  communi- 
cated to  the  cerebnnn ;  almost  in  the  same  manner  in  which 

'  "ObferratioDes  AtwtoinicaJCxcacUTerihuseorumquoc  austalitapoplexia," 
Aiiiitanl*in«  1681. 
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the  arterial  and  venous  blood  is  compelled  to  loiter  iu  the  vasa 
deferentia,  until  they  arc  fitted  to  put  ou  the  nature  of  the 
semen/' 


[Modern  AtrrHous, 

634('.  SoMMKRiNG.* — •*  In  oxen,  sheep,  goats,  aud  other 
animals  furnished  with  the  rete  rairabile.  no  artery  is  led  into 
the  brain  through  an  osseous  cranial  canal,  but  in  its  place 
a  branch  of  the  carotid  cnttn-s  through  a  short  foramen  into 
the  cavity  of  the  cranium.  In  a  like  manner  the  cerebral  trunk 
of  the  carotid  also  does  not  enter  the  cranial  cavity  through 
a  long  osseous  canal,  but  through  the  shortest  foramen.  In 
the  same  place  of  the  basilar  bone  where  in  man  the  cerebral 
carotid  artery  is  found  twisted  and  fastenetl  to  the  bone,  in 
these  animals  it  is  dissolved  into  the  so-called  rete  mirabilep 
and  afler  it  is  again  gathered  up  into  one  trunk,  without  having 
given  off  any  branches,  and  with  the  dura  mater  being  added 
to  it,  it  reaches  the  pia  nmter,  whither  it  was  tending — in  the 
same  way  indeed  as  was  described  in  an  excellent  manner  by  A. 
Bonn  and  B.  S.  Albinus.  In  a  similar  manner  in  man  the 
ophthalmic  arten*'  penetrates  through  an  osseous  canal,  while  iu 
the  ox  aud  sheep,  on  iti*  way  to  the  bulb,  it  is  dissolvtMl  into  a 
rete  mirabile.  and  collected  again,  before  it  is  subdivided  into 
the  ciliary  arteries. 

**In  this  manner,  then,  unless  I  am  very  much  mistaken,  by 
the  aid  of  the  '  rete  mirabile,'  the  same  equability  in  the  flow 
of  the  blood  is  secured  in  certain  kinds  of  bnite  animals,  as  U 
effected  in  man  through  the  atSxion  of  the  blood-vessel  to  an 
osseous  canal  "  (p.  64). 

fi34/>.  Lakger.* — "  The    i-efe  mirabile  a)i:^rio»um,   iu   the 

^  Sumniciing  (S.  Th.).  *' Aca^lcmic*  AniioUtioiie*  do  cwebri  «d minis tr»- 
tlonibua  an&tomiois,  viisorumijue  ejna  habitu."  In  **  I>cnkjKhrifteti  der 
KonigUchen  Akadcmie  der  WissenRcliaften  xu  Mnnchcn  fUr  daa  J*br,  1808," 
Munich,  1809. 

^  Langer.  "  Der  Sinus  Ofcvetttostts  der  harten  Himhuttt,"  In  **Sittung«* 
herichtfl."  etc.,  Wien,  IS86. 
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cnsc  of  the  SHEEr,  ia  produced  by  the  coiiciiironce  of  several 
arteries,  namely,  of  a  branch  of  the  arteria  maxiilaris  iuterua 
which  enters  the  cranium  through  the  foramen  ovale,  and  of  a 
second  branch  which  approaches  the  sphenoid  bone  through  the 
sphenoid  fissure.  The  '  rete  '  consists  of  a  convolution  o!  twigs 
representing  a  cylindrical  body,  and  which  is  sitiiatod  in  a  lower 
furrow  corresponding  to  the  sulcus  caroticus  in  man,  and  ex- 
tending as  far  as  the  orbit  In  addition  to  the  cerebral  artery 
proper,  there  depart  from  this  '  rete  '  several  smaller  twigs,  which 
are  distributed  in  the  background  of  the  orbit 

*'  Here  also  must  be  mentioned  the  well-known  small  trian- 
gular ■  rete'  in  the  orbit  of  these  lujiinals,  which  Is  funned  by 
the  ophthalmic  arterj'  above  the  fuudunxental  muscle  of  the  eye- 
ball, exat'tly  where  the  anory  passes  over  ihe  optic  nerve.  .  .  , 

"  Almost  in  a  like  manner  as  the  cerebral  and  oj>hthalmic 
arteries,  the  corresponding  veins  of  these  aneries  are  also 
employed  in  the  formation  of  retia  mirabilia, 

"  The  dense  venous  '  rete  *  which  corresponds  to  tlie  small 
twigs  of  the  cerebral  art«ry  takes  the  place  there  of  the  siuus 
cavexnosus.  Like  the  ai-terial  '  ivte '  it  is  likewise  situated 
along  the  sides  of  the  sella  turcica,  and  indeed  in  the  above- 
uientioned  osseous  furrow  corresponding  to  the  sulcus  caroticus 
of  man.  It  consists  of  short,  winding,  and  closely  interlaced 
tubules,  into  which  the  venie  ophthalmiae  are  resolved.  .  .  . 

*'  Of  the  fact  that  the  venous  reticular  formations,  which  in 
the  case  of  the  *ruminautia'  lie  along  the  side  of  the  sella 
turcica*  correspond  to  the  lactinous  sinus  caveruosus,  there  can 
be  no  doubt  whatever;  cs]>eclally  since  the  plexus  cavernosus  of 
the  cliild  presents  a  transitional  stagu  kA  the  reticular  form  of 
this  sinus  into  its  lacuuous  form.  .  .  . 

"The  question  how  the  two  'retia  mirabilia,'  the  arterial  as 
well  as  the  venous,  which  are  situaU'd  along  the  sides  of  the 
sella  turcica,  are  related  to  one  another  topogra])hically,  ia 
answered  by  casts  obtained  by  corrosion  [see  above  no.  621*'] 
thus :  that  these  two  '  retia  *  are  mutually  interlaced  into  each 
other;  consetjuently,  that  they  are  so  inserted  into  one  another, 


19^ 


THE  RETE  MIRABfLE. 


that  they  form  a  connected  whole,  the  shape  of  which  approaches 
that  of  a  cylinder  and  which  completely  fills  up  the  sulcus 
caroticus. 

"'  The  arterial  *  rete  mirabile.'  which  in  the  cat  is  situated 
along  the  sides  of  the  sella  turcica,  and  which  is  made  up  of 
the  cerebral  artery  and  its  ramifications,  varies  from  the  rete 
mirabile  in  the  sheep,  not  only  in  this  that  the  ramification  is 
more  scanty,  but  also  that  theflittle  arterial  bmuches  are  longi* 
tudinal,  and  arranged  in  almost  parallel  order,  while  in  the 
sheep  the  twigs  are  winding  and  interlaced.  The  venous 
formation  which,  in  the  cat  represeiit.s  the  sinus  cavemoaua,  is 
likewise  a  '  rete/  the  vessels  of  which  anastomose  in  oblong 
meshes,  and  arc  inserted  between  the  arterial  twigs.  The 
result  altogether  is  the  same,  as  in  the  case  of  the  sheep,  only 
the  form  ia  more  simple  "  (pp.  317-320).] 
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635.  The  rete  of  Gaieu,  or  by  way  of  eminence  called  the 
rete  uiirabile,  is  a  ramification  of  the  carotid  artery,  before  it 
asceuds  iutu  the  cerebrum ;  for  tho  greater  portion  of  this 
artery,  during  its  stay  in  the  cavernous  sinuses,  is  broken  up 
into  shoots,  leaving  only  a  small  channel.  The  shoots,  which 
arc  twisted  together  like  little  ropes,  are  entwined  and  supported 
by  membranous  fibres,  as  by  a  kind  of  cords  \  afterwards,  how- 
ever, they  are  reunited  in  a  continuous  channel.  Galeu  seems 
to  have  extended  this  rete  a  little  too  far.  There  is  also  a  kind 
of  smaller  rete  or  reticular  plexus  in  the  duplicature  of  the 
dura  mater  at  the  sides  of  the  sella,  near  the  circular  sinus, 
threads  of  which  are  despatched  into  the  pituitary  gland.  This 
latter  rete  is  sometimes  visible  in  human  braius  [see  Laiiga' 
above,  in  no.  621x] ;  but  the  former  occurs  exclusively  in  the 
brains  of  animals.  The  use  of  the  rete  mirabile  in  animals  is 
threefold,  but  in  man  it  serves  only  one  purpose,  which  is 
identical  with  the  third  use  in  animals. 

036,  Its  first  use  consists  iu  breaking  the  impetuosity  of  the 
blood,  and  iu  changing  its  circulation ,  for  the  cerebrum  claims 
its  right  over  the  blood,  as  soon  as  it  approaches  the  boundaries 
of  its  cranium  ;  as  is  the  case  also  with  the  cerobellum*  the 
medulla  oblongata  and  the  spinal  cord,  and,  in  short,  with  the 
whole  of  the  highest  region  of  the  kingdom.  For  the  alternate 
systaltic  and  diastaltic  motion  of  these  organs  is  synchronous 
with,  or  coincides  with  the  alternate  motion  of  the  lungs,  but 
not  with  tlrnt  of  the  heart  and  the  arteries  of  the  body.  In 
order,  therefore,  that  the  stream  of  the  blood*  which  by  con- 
tinuous vesseU  is  convoyed  thither,  at  this  turning  point  may 
change  its  motion,  and  that  it  may  be  initiated  into  the  alternate 
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motioQ  of  the  braia,  it  ia  necessary  that  su  soon  as  the  carotid 
euters  the  interior  parts,  it  should  be  divided  into  threads,  and 
that  out  of  its  fused  or  molten  trunk,  filaments,  as  it  were, 
should  be  evolved,  which  x\\\on  being  twisted  tojrether  are 
formed  into  a  plexus,  called  the  rote  mirabile.  In  this  wise  the 
carotid  diverts  itself  of  the  impelling  forces  of  the  heart,  and 
submits  itself  to  the  brain.  It  is  different  in  human  brains. 
There  the  carotid  artery  is  not  dissolved  into  minute  shoots,  and 
becomes  evanescent,  as  it  were ;  but,  on  the  contrary,  it  increases 
in  volumCf  and  in  the  cavernous  sinuses  swells  into  a  certain 
arierial  receptacle  .or  sinus;  and  by  wonderful  flexures  and 
modes  of  contortion  it  constantly  rids  itself  of  the  yoke  of  the 
heart  or  of  its  body  :  Hrst,  at  its  very  entrance  through  the 
cranium  ;  afterwanis,  a.s  it  climKs  over  the  dam  of  the  posterior 
clinoids;  again,  in  the  cavernous  sinuses,  where  it  becomes 
tumid  and  ventricose,'  and  inflects  itself  into  gyres;  and, 
finally,  during  its  very  ascent  into  the  cerebrum.  In  addition, 
it  also  lays  aside  its  uiotory  menkbraue  which  is  continued  fix>m 
the  muscle  of  the  heait,  and  puts  on  a  coating  from  the  mem- 
brane i>f  the  brain  ;  and,  ai  the  same  time,  it  acquires  a  plexus 
of  fibres  from  the  root  of  the  great  sympathetic  ner\'e.  In 
animals,  however,  where  the  road  is  shorter,  the  artery  is 
carried  about  less ;  there  also  the  bones  of  the  cranium  are 
arranged  dift'erently,  and  the  vessels  are  distributed  dit^'erently 

'  Swcileiibofj;  mftked  this  fttntemcxit  on  the  ftreui^h  of  Wepfek'^  obeervK- 
tioii,  lh«tiD  the  cavtii'uouaaiuuaes,  the  carotid  Arteries '*prea«ntthe  appearance 
of  a  kind  of  bluddcr  pluc&I  «t  the  eidea  of  the  sella  turcica,"  and  tlmt  they 
"exceed  a  nnltiieg  iii  »ix«.*'  See  Vol.  I.  p.  330.  Still  other  authors  aUo 
have  notloed  a  tendency  in  the  arteries  of  the  brain  towiknla  uulargeineut  or 
ililatAtion.  So  1*ohtal,  in  apcukiug  of  the  ciuirtc  of  the  niuvenient  of  the 
brain,  says,  "The  ninvcnient«  of  the  brain  wvre  known  to  tlie  ancient 
phyBK-ifuiK,  Atu\  they  attributed  their  cutine  at  tirat  to  tlie  itction  of  the  dura 
mater  :  yet  without  any  foundation.  ,  .  .  Other  anatomiata  n^niin  nought  for 
tbeir  cauae  in  the  motion  of  the  arteritw.  Uut  thU  hypothefiU  falU  to  the 
gronud  of  its  uwn  accord,  a«  t9(A>u  as  you  consider  that  n»  tiilarittninif  of  Utt 
arirricH  is  of  a  ntitoh  more  frequent  occurrence  tlian  a  raising  of  the  brain.*' 
(Conra  d'Aiuitoniie  nifdicale,"  etc.,  i'aria  ItMKt ;  Tom.  iv.,  p.  65.) 

I'ho  whole  mode  by  which  the  cerebral  blfMnl  in  man  is  emancipated  from 
the  motion  of  tliu  heart  is  fully  analyzed  in  the  light  of  in'xleru  experience,  in 
the  Appendix,  in  Note  vi..  no.  iAi.  — Rditor. 
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through  the  cerebrum ;  and  therefore  the  carotid  artcr}*  intist 
be  broken  np  into  shoots,  and  the  impulses  imjjarted  to  it  by 
the  heart  have  thus  to  be  neutralized  almost,  as  when  a  rushing 
stream  is  checked  by  a  weir,  which  becomes  pervious  only  when 
the  Hood-gates  aro  opened. 

637.  The  second  use  of  the  retc  inirabile  consists  in  this, 
that  immediately  upon  its  entrance  into  the  cranium,  the  blood 
of  the  carotids,  through  the  infinite  numbor  nf  anostoniDses, 
between  these  vessels  is  equalizetl,  so  that  the  right  mink  does 
not  convey  more  blood  to  the  cerebrum  than  the  left  trunk  ;  or 
that  both  streams  are  made  common  to  the  whole  cerebnun- 
For  the  intervening  shoots  in  equal  proportions  cnmmunicate  of 
the  abundance  of  the  one  to  the  state  of  want  in  the  other ;  since 
a  li<[uid  which  is  injected  into  the  artery  of  one  side  penetraU'S 
into  that  of  the  other  side,  and  the  arterial  vessel  above  the 
pituitary  gland  swells  to  the  same  size;,  and  assumes  the  same 
diameter  as  the  artery  below  [that  is.  before  it  hos  been  dissolved 
into  a  rete].  On  this  account,  in  horses  which  are  not  furnished 
with  a  reticular  plexus,  there  are  simple  and  large  anasttmioses 
already  at  the  first  boundary,  and  below  the  plat*e  where  in 
other  auimals  this  reticular  expansion  exists.  It  us  dirt'erent  in 
man  where  the  carotids  are  not  like  exhausted  canals,  but  like 
receiving  vessels  at  either  side  of  the  sella,  representing  large 
troughs  full  of  arterial  blood,  upon  which  the  cerebrum  may 
draw  for  the  supply  required  by  each  of  its  two  hetiiisphereii, 
and  by  every  lobe,  convolution,  and  cortical  cluster,  so  that 
there  is  never  any  diflSculty  in  summoning  the  requisite  quantity 
and  quality  of  blood.  In  animals,  however,  the  whole  cerebrum 
acts  as  one  with  each  of  its  pai'ta,  and  indeed  simultaneonsly 
with  them,  and  in  a  similar  manner ;  for  animals  act  only  from 
cauaes  outside  of  themselves,  wherefnre  their  brain  demands  blood 
in  a  like  proportion  from  each  of  the  carotids. 

G38.  The  third  use  of  the  retc  mirabile,  however,  consists  in 
furnishing  blood  to  the  intervening  gland,  thus  providing  for  its 
motory  fibres,  and  j>erchaiice  also  t(»  the  prrxh^sses  of  the  sphenoid 
bone  :  f»tr  littk  Ham^uineuus  pleMisr?  are  of  occasional  i:N?currence 
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where  little  bodies  [in  the  present  case,  the  pituitary  gland], 
sro  to  be  moved  by  a  muscle ;  since  the  quantity  and  quality 
of  the  motion,  and  a  certainty  in  the  effects  result  thence.  It 
would  be  different  were  the  niotory  fibres  of  the  muscle  provided 
with  birNxJ  inimetliately  out  of  the  arterial  trunk,  without 
any  intermediate  "  rete."  This  nae  of  the  rete  mimbile  man 
has  in  common  with  every  aoinial ;  wherefore  more  or  less 
et'idcnt  traces  of  such  a  reticular  plexus  are  said  to  have  been 
di8cov*?r*'d  on  either  side  of  the  sella,  in  the  duplicatnre  of  the 
diira  mater;  or  else  these  traces  roust  be  looked  for  in  the 
gland  itself. 

G30.  It  is  very  important  that  a  thorou^'h  inquir}-  should  be 
instituted  why  the  internal  cjLrntiils  in  all  brute  animals 
equalize  their  blood  at  their  first  entrance  into  the  cranium, 
either  by  open  anastomases,  or  by  the  concealed  ones  of  the  rete 
fnirabile :  and  again,  why  in  animals  the  carotids  are  reduced 
and  attenuated  into  such  minute  little  channels,  while  in  man 
the  case  is  quite  different ;  for  in  him  these  vessels  enter  into 
the  cavernous  sinuses,  and  pass  out  thence  without  any  ana- 
stomoses and  without  any  equalization ;  aud  during  their  stay 
in  these  sinuses  thfy  are  eidarged  aud  become  swolleu.V  The 
proximate  cause  of  this  phenomenon  is  a  difference  in  the 
organi/jitinn  of  the  brains  of  animals,  n  more  remote  cause,  a 
difference  in  their  motlo  of  action  ;  but  the  most  remote  cause 
is  their  faculty  of  acting  only  from  external  causes,  and  thus 
from  others,  as  it  were,  and  not  from  their  own  internal  causes. 
Every  change  and  emotion  of  the  animal  mind  ((tnhntu*) 
demands  a  different  quantity,  nay,  and  even  a  different  tiuality 
of  blood.  While  the  brain  is  incensed  with  anger,  it  is  also 
agitate<l  by  a  tem]>estuous  flow  of  heateii  blood.  When  it 
melts  with  joy,  the  blood  also  is  dissolved  and  spreads  freely 
over  it ;  and  the  contrary  happens  when  the  brain  is  moved  by 
^ntleness,  fear,  sadness,  and  also  by  the  rest  of  the  emotions, 
which  are  termed  passions  aud  affections  of  the  animal  or  lower 
miod;  so  that  there  is  not  the  least  emotion  but  claims  for 

'  See  the  footnote  above,  p.  201. — KhrroR. 
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itself  its  own  share  of  blood.  The  huiuau  cerebrum,  which  is 
not  only  the  general  external,  but  also  the  internal  sensory, 
proffers  hospitality  to  the  rational  soul  or  to  the  intellect,  so 
that  it  is  able  to  think,  analyze,  judge,  decide  and  will,  or  that 
fruai  the  end  it  is  able  to  draw  conclusions  respecting  the  means, 
and  from  the  me^ns  respecting  the  end,  or  that  from  the  antece- 
dents it  may  infer  their  consequences, from  the  causes  their  effects, 
and  from  the  present  the  future.  The  cerebrum  is  stimulated 
into  the  ordinary  motions  of  nature,  not  only  by  extenial  causes 
or  objects  of  the  senses,  and  by  causes  insinuated  into  the  blood 
ixoxn  without,  but  almost  at  each  moment  it  also  kindles  these 
motions  fr<.nn  internal  causes  or  from  the  ideas  of  its  mind, 
esj)ecially  when  it  burns  with  an  end,  a  purpose,  which  is  ob- 
structed by  the  love  of  self  Scarcely  a  moment  therefore 
passes  when  the  cerebrum  is  not  stimulated  into  some  little 
motion,  which  demands  a  different  quantity  and  quality  of 
blood  :  lor  the  above-named  motions  or  affections  of  the  animal 
mind  (ani'mxvA\  that  is,  of  the  cerebrum  in  respect  to  its  oipmi- 
cal  principle,  are  as  many  ardours  or  heats  of  life,  and  as  many 
incitements  to  thought.  As  the  cerebrum,  therefore,  as  has 
been  frequently  remarked  above,  summons  to  itself  \X%  own 
blood,  and  as  the  human  cerebrum,  sometimes  within  fractions 
of  a  minute,  demands  another  blood  of  a  different  nature,  it  ia 
necessary  that  there  sho\ild  be  some  receptacle  or  reservoir  of 
the  same,  as  it  were,  with  a  full  supply,  &o  that  there  may  always 
be  some  source  where  its  wants  may  be  supplied,  and  whence 
its  ideas  may  be  cherished  and  warmed  with  a  certain  assisting 
motion  of  the  animal  mind  (//>n*?u7w),  and  thereby  with  blood. 
Again,  in  onler  that  the  human  brain  may  be  active  as  to  any 
one  of  its  ]jart8,  and  thus  capable  of  being  ilividedj  and  again  as 
to  each  aggregate  of  ]iart8  in  either  hemisphere,  therefore  its 
stream  of  blood  is  not  equalized  at  the  tlireshold  \  nor  do  the 
carotids  fully  coalesce  beyond  the  sella  turcica,  and  sometimes 
by  a  transverse  branch,  afl  in  bnitcs ;  nor  again  do  the^',  before 
their  coalition,  send  out  brancht\s  into  thi-  nearest  lobc&  *llie 
case  is  different  in  the  ccrebra  of  brute  or  irrational  animals. 
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which  are  excited  simultaneously  and  congruously  by  external 
causes ;  wherefore  I  doubt  whether  those  who,  among  the 
human  family,  are  furnished  with  the  rete  of  Galen,  which,  by 
way  of  pre-eminence,  is  called  the  rete  mirabile,  are  really 
rational. 

C40.  The  preposterous  couclusiou  is  thence  drawn  that  the 
organism  alone,  or  the  quantity  and  quality  of  the  coursing 
blood,  imparts  to  the  soul  itself  the  faculty  of  thinking  sub- 
limely or  distinctly  in  accordance  with  its  own  nature  ;  for  such 
as  is  the  nature,  ix?rfection  and  eminence  of  the  soul,  such  also 
is  the  quality  of  the  organism,  or  such  is  the  form  of  the  cere- 
brum, by  whose  niiiiistry  it  receives  objects  from  the  external 
senses,  and  applies  them  U)  the  intrrnal ;  which  power  is  lost 
as  soon  as  the  organism  aud  the  pathway  of  the  blood  is 
destroyed ;  whence  there  arise  jusauity,  delirium,  weakness  of 
the  intellect,  nay,  the  temperaments,  aud  so  many  differences 
auiong  the  individuals  in  the  human  family  alone ;  although 
the  soul  of  every  one  of  them,  even  of  the  insane,  nay,  of 
embryos  and  sucklings,  considered  in  itself  and  in  its  own  ideas 
so-called,  is  as  wise  as  the  soul  of  Plato.  Still  the  modes  of 
the  oj>cration  of  the  soul  in  the  body,  and  those  ot  its  communi- 
cation, flow  through  the  organic  way,  and  demand  for  themselves 
help  and  assistance  from  the  bl(x>d.  It  follows  hence  that  the 
soul  of  a  brute  animal  can  by  no  means  think  in  the  human 
cerebrum,  even  as  the  human  soul  cannot  think  in  the  cere- 
bnim  of  a  bmte  animal ;  but  such  as  is  the  soul,  such  is  the 
formation  of  the  cerebrum  ;  and  such  as  is  the  cerebrum,  such  is 
the  communication,  or  such  is  the  representation,  and  the 
likeness  of  the  eminent  oi>cration8  of  the  soul  itself.  Thi5» 
however,  we  only  touch  upon  here  on  passing. 
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t)40a.  Argument. — The  rete  mirabile  may  be  looked  upon 
as  of  three  kiuds,  for  the  formation  of  which  thtt  carotids  are 
broken  up  either  much  or  little,  before  they  ascend  into  the 
biiiiu ;  and  indeed  for  this  j)urpose  that  they  may  fiiruish  twigt? 
to  the  pituitary  gland,  as  well  as  to  the  bone  underneath,  for 
the  conveyance  of  the  spirituous  juice.  And  again,  that  they 
may  emancipate  themselves  from  the  action  of  the  heart,  and 
prepare  the  bl<K.Hl  for  the  bmin.  In  man,  however,  there  is  no 
such  breaking  up  of  the  carotids  into  little  branches,  nor  is 
there  re({uired  any  anastomosis  below  the  brain,  as  in  the  case 
of  the  animals,  namely,  neither  for  the  pituitary  gland  and  its 
spirituous  juice,  nor  for  the  action  of  the  heart  The  human 
brain,  indeed,  is  so  organized  that  it  can  summon  the  requisite 
quantity  and  qtiality  of  blood  from  the  arteries.  These  arteries, 
being  left  undisturbed,  so  that  the  organs  of  its  lower  and  higher 
degrees,  as  exigency  requires,  may  act  either  apart  or  conjointly ; 
and  that  man  consequently  may  enjoy  the  use  of  reason  and  of 
freewill,  and  arrange  all  things  for  the  purposes  which  the  soul 
intends 

(i-M)/;.  Thr  rete  Vilnihile  ttuiy  he  looked  upon  a«  of  Utrer. 
kinds ;  for  UtefomuUion  of  vAick  th^  carotids  are  broken  up 
eitkfr  rn.iu:h  or  liUlf,  hffore  they  it^ceiid  into  ike  hmin.  For 
there  is  jirat  that  "rete"  which  ^xir  excellence  is  called 
"mirabile,"  and  also  the  "rete  liHleni,"  although  this  author 
seems  to  have  t-xtended  it  too  fan  This  species  of  "rete"  is 
made  up  of  the  carotid,  which  is  almost  entirely  broken, up  into 
branches,  only  one  sumll  canal  being  left,  into  which  the 
brunches  are  reunited  before  tlie  carotid  perfoi-ates  the  dura 
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maior.  iiud  ascendH  inUj  the  cerebrum.  This  kind  of  "  rote  "  is 
couspiciioua  in  thr  cavcrauus  sinuses,  where  it  is  iDtertwinod 
with,  and  supjK)rted  by  little  rnoinbmnoua  tendons  or  cords,  and  is 
made  up  of  small  vcissels  woven  in  a  net-like  texture — according 
to  the  desciiption  of  the  authors,  and  especially  of  Willis,  who 
delineates  cleverly  and  carefully  this  kind  of  "  rete  "  only,  which 
is  found  in  the  calf,  sheep,  goat»  fox,  cat,  and  others.  The 
«rcon</  kind  of  net  occurs  where  the  carotid  indeed  throws 
out  numerous  shoots,  yet  does  not  lead  them  about  in  the 
cavernous  sinuses,  but  pliiees  them  underneath  the  duplicature 
of  the  dura  mater,  ohicHy  along  the  |)ostenor  side  of  the  sella 
turcica;  namely,  ticar  the  circular  sinus  and  the  beginnings  of 
the  pjetrosal  sinuses;  likewise,  along  the  sides  where  the  carotid 
presses  against  the  pituitary  gland,  percbauce,  also,  on  top,  as 
A'ieussens  insists.  Tliis  kind  of  "rete,"  when  it  is  distinctly 
otf'ereil  to  the  .si^ht,  ut^uully  also  exists  between  the  gland  and 
the  sella,  and  according  to  Ridley,  in  the  surface  of  the  former, 
in  the  dog,  horse,  and  perhaps  also  in  some  human  brains.  The 
titud  "rete"  exists  when  there  are  no  traces  of  any  "rete,"  or 
only  such  as  are  not  eunspicuous  between  the  productions  of 
the  dura  mater,  and  neai*  the  posterior  part  of  the  gland — but 
when  merely  a  few  shoots  are  taken  from  the  carotid,  and 
iuscited  in  the  glaml,  where  thi»  "rete"  couse([uently  is  alone 
visible.  These  three  genera  of  the  "rete"  differ  from  one 
another  as  to  more  anil  less;  for,  since  by  an  examination  of  the 
larger  "  rete/'  we  may  be  instructed  respecting  the  smaller,  it 
appears  that  the  purpose  of  all  of!  them  is  the  same.  The 
di^'ereucc  is  simply  that  in  one  species  of  animals  the  brain 
calls  for  an  almost  entire  breaking  up  of  the  artery ;  and  iu 
another  species  only  fi>r  a  partial  or  an  exceedingly  small 
divbion.  Fur  thi'  bruin  derives  thence  ita  power  of  acting,  on 
the  one  hand,  that  it  may  be  in  a  condition  to  watch,  and  provide, 
and  rule  over  its  bcHly,  and  its  members  and  organs  ;  and,  on  the 
other,  that  thence,  a-s  from  a  storehouse,  it  may  summon  blood, 
the  purer  essence  of  which  it  transmits  into  tibres,  providing 
thereby  for  the  norve^,  and  at  the  same  time  for  the  new  blood ; 
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wherefore  if  an  observer  is  keen-sighted,  it  seems  that  from  the 
appearance  of  the  carotids,  as  they  thtis  tarry  near  the  threshold, 
he  may  draw  couclusioiis  as  to  the  faculty  ^>f  actii^'Q  of  the  brain. 
G40c.  Thai  the  cai^tUls  mnif  funilMh  tinf/s/or  fhc  jntuttart/ 
gland — either  many  or  fewer,  lai^er  or  smaller  ones,  and  again, 
either  immediately,  or  mediately  throuj^h  the  retiform  plexus. 
For  chiefly  towards  the  pituitary  gland  d<x\s  the  carotid  send 
out  its  shoots,  and  both  the  first  and  second  species  of  the  "  rete 
mirabile"  concentre  themselves  in  the  direction  of  the  gland, 
80  that  it  may  be  looked  upon  in  a  certain  sense  as  their  centre. 
The  otbce  of  the  "  rete,"  consequently,  is  to  hinu?ih  the  pituitary 
gland  with  blood.  For  the  first  kind  of  "  rete,"  which  is  led 
about  in  each  of  the  cavernous  sinuses,  has  a  channel  of. com- 
munication around  the  glaud ;  and  the  second  also  communi- 
cates under  the  production  of  the  dura  nmtor.  as  well  as  in  the 
pituitary  fossa.  The  third  species  enters  the  gland  from  the 
carotid  on  either  side.  For  this  purpose,  indeed,  that  the 
muscle  of  the  gland  may  always  bo  in  a  condition  of  acting,  and 
may  never  be  deprived  of  blcMxl  which  enten*  iutu  it  from  so 
many  ]>uints,  into  which  also  It  may  flow  back — although  a  part 
of  it  }>Qsse8  likewise  into  the  little  veins.  The  retiform  plexus 
outside  of  the  gland,  or  between  the  gland  and  the  wall  of  the 
sella,  is  productive  of  a  similar  result :  for  when  the  gland,  by 
means  of  the  blood,  is  e.x|Minded,  the  intervening  little  branches 
also  swell,  and  ritv  veitta ;  by  which  circumstance  the  gland 
also  i&  able  to  act  upon  the  liquid  which  i&  contained  ou  the 
outside  of  'tis  surface.  The  muscular  action  of  this  glund  also 
is  strengthened  through  little  branches  of  the  tilth  and  sLxth 
pairs  of  nerveci,  which  ahuost  at  the  same  place,  where  they 
apply  themselves  to  the  sides  of  the  gland,  press  against  the 
carotids;  for  this  purpose,  indeed,  that  they  may  be  able  to 
accompany  each  shoot  into  the  gland  itaelf,  by  pressing  in  a 
amilar  manner  upon  the  surface  of  the  shoots,  and  thereby 
causing  their  constriction,  which  taken  place  whenever  the 
carotid  expands  itself.  For  from  the  carotid  when  it  is  ex- 
panded, a  living   force  redounds  to  the  nervous  fibres  which 
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accompany  the  shoots  of  the  same ;  for  these  fibres  constrict 
every  least  vessel,  and  direct  its  blood  either  back  into  the 
artery  which  is  then  expanded,  or  they  urge  it  into  little  veins 
— altogether  as  is  the  case  with  the  muscle  of  the  heart,  whoa 
the  aorta  together  with  the  right  auricle  is  expanded,  and  thus 
acts  upon  the  cardiac  plexus.  For  from  the  living  motor  force  of 
the  nervous  fibres  arises  the  contractile  force,  which  again,  by 
the  inflowing  blood,  causes  the  expansile  force ;  all  of  which,  to- 
gether with  the  ratio  and  the  degree  of  the  same,  may  be  proved 
and  known  from  every  muscle  of  the  whole  body.  This  seems 
to  be  the  reason  why  the  above-named  pairs  of  nerves  cast 
themselves  upon  the  artery ;  and  this  seems  to  be  the  manner 
in  which  the  fibres  of  the  nerves  effect  an  entrance,  namely, 
with  a  view  of  acting  upon  the  blood  they  press  upon  the  surface 
of  the  vessels.  For  the  remaining  filaments  which  are  noticed 
in  the  "  rete  mirabile,"  are  not  nervous  fibres,  but,  according  to 
Morgagni  and  many  others,  they  are  simply  membranous  cords. 
Those  filaments,  however,  which,  between  the  gland  and  the 
sella,  appear  as  fibres,  are  often  little  canals  for  the  spirituous 
lymph.  Meanwhile,  a  greater  number  of  arterial  shoots  enter 
the  pituitary  gland  in  animals ;  for  with  them  there  is  a  greater 
quantity  of  spirit  and  liquid,  and  at  the  same  time  a  grosser 
quality  of  the  same,  both  within  and  aroimd  the  gland.  The 
greater,  however,  the  quantity,  and  at  tlie  same  time,  the  grosser 
the  quality,  the  greater  the  force  of  action  which  is  required ; 
for  a  liquid  of  a  purer  and  better  quality  is  propelled  with  tha 
slightest  possible  force  to  its  destined  places,  even  the  most 
distant  All  things  thus  currespoud  with  their  measures^ 
weights,  and  powers  of  resi.stauce.* 

640t/.  Since  the  subject  under  discussion  here  is  the  nervous 
or  filamentous  coaling,  by  which  the  trunk  of  the  carotid,  from 
the  point  where  it  enters  into  the  cranium,  is  accompanied  intn 
the  cavernous  sinuses,  a  fit  subject  of  discussion  seems  to  be 


*  Tho  wUolo  lubject  of  the  rootion  of  the  piCuitAry  gland  which  U  caused  hy 
tbo  contnhction  And  dilatjition  of  the  artoria]  rebels  is  discnsutl  in  the  Ught 
of  motlem  experience,  in  Appendix,  Note  vi,  nos.  2-10. — Editok, 
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here,  whether  the  nervous  fibres,  between  the  proj>er  coating  of 
the  artery,  and  that  which  it  has  borrowed  in  the  place  of  the 
muscular  coating  which  it  has  lost,  arise  from  the  great  sym- 
pathetic nerve,  or  from  the  fifth  and  sixth  pairs  of  nerves; 
whether  the  sympathetic  nerve,  consequently,  has  its  origin  at 
its  own  liighe&t  cervical  ganglion,  and  through  the  mediation  of 
the  carotid,  like  the  accessory  spinal  nerve,  pursues  its  way 
upwards  iuto  the  cranium,  or  whether  it  descenils«from  the 
above-named  cranial  nerves.  From  the  grounds  which  have 
been  adduced  in  the  third  Transaction,  ic  api>ear8  that  the 
great  sympathetic  nerve,  from  its  own  ganglion,  extends  itself 
over  the  carotid,  and  terminates  only  in  a  reflex  manner  in  the 
two  cranial  pairs  of  nerves,  or  in  one  of  the  two,  namely,  for 
this  reason,  lest  during  the  expansion  of  the  carotid,  and  while 
the  nervous  threails  arc  in  a  state  of  tension,  without  such  an 
insertion,  these  threatis  should  burst,  which  is  prevented  by 
their  retiex  inosculation. 

The  great  sympathetic  nerve  is  chiefly  placed  over  the  liquids 
(»f  the  body,  and  thus  superintends  the  distribution  of  the 
animal  spirit,  the  nervous  essence,  through  the  fibres  of  the 
remaining  nerves,  and  it  likewise  governs  the  areas  over  which 
the  blood  is  supplied,  so  that  all  these  parts  shall  undergo  an 
alternate  period  of  motion  in  harmony  with  the  animation  of 
tlic  bmin.  In  order,  thercfurc,  that  this  nerve  may  carry  on  its 
function,  it  is  necessary  that  it  shall  encompass  the  carotid,  and 
accompany  its  brauches  into  the  pituitary  glaikd,  and  likewise 
into  the  osseous  passages  into  which  the  ramification,  that  is, 
ti»e  shoots  of  the  rote  mirabile  are  continued.  But  whether  the 
syuipathetic  nervo  transmits  into  the  pituitary  gland  separately 
any  nen'ous  fibres  i;vhich  have  become  loosened  from  its  trunk, 
BO  that  ai'tcrwards  they  may  becomo  attached  to  the  blood- 
vessels in  the  gland — this  will  have  to  be  decided  by  experience, 
I,  for  my  part,  entertain  very  strong  doubts  whether  any  5bres 
enter  the  gland  at  all  from  the  sixth  and  fifth  paiw  of  nervei*, 
and  I  am  rather  of  the  opinion  that  they  are  dispatched  thither 
from  the  carotid  plexus. 
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Thai  Ui4i  carotids  iruiy  sxijrply  twigs  aldo  to  tlie  hone 
voider tveath  for  tfie  conveyance  of  Uie  apiriixwMs  juice.  This 
is  rendere*]  evitlent  by  the  experience  of  Wiilis  and  Vieussens, 
as  well  as  by  autopsy.  For  whoa  a  blackened  humour  is 
injected  into  the  carotids,  the  substance  of  the  bone  is  dyed 
thereby,  and  the  dye  collects  in  drops  iu  its  little  crypts.  Willis 
also  seems  to  assert  that  the  little  arteries  enter  likewise  into  the 
small  orifices  themselves  which  are  open  in  the  bottom  of  the 
sella  turcica.  And  Vieussens  luaintatns  that  little  branches  oi 
the  carotid  or  of  the  "  rete  "  enter  the  substance  of  the  bone  in 
the  neighbourhood  of  the  four  petrosal  sinuses ;  further,  that 
the  caliber  of  the  upper  cerebral  trunk  of  the  carotid  is  con- 
siderably smaller  than  that  of  the  trunk  below;  for  so  much  of 
its  ramification  cannot  be  expended  simply  on  the  ganglion  of 
the  hfth  pair  and  on  the  optic  nerves,  that  a  seatdble  diminution 
would  result  thence  ;  and  the  portion  of  the  carotid  blood  which 
enters  into  the  pituitary  gland,  for  the  most  part,  is  returned 
again  into  these  arteries,  with  the  exception  of  a  small  quantity, 
which  possibly  may  escape  into  the  veins.  Wherefore,  most  of 
the  branches  which  do  not  return  into  the  trunk  seem  to  be 
expended  upon  the  bone ;  and,  indeed,  for  this  reason,  that 
these  arterial  twigs  may  constantly  deliver  and  spriikkle  blood 
upon  the  spirituous  lymph.  This  action  of  the  carotid  blood  is 
but  a  continiiance  of  its  action  in  the  inU^rior  of  the  gland. 
Iu  those  subjects,  therefore,  where  there  is  a  large  "  rete/'  or 
in  which  the  passages  through  the  bone  are  larger,  aud  the 
spirituous  lymph  more  plentiful  and  grosser,  there  also  a  larger 
number  of  branches  is  expended  upon  the  bone,  and  there  the 
upper  cerebral  trunk  of  the  carotid  is  reduced  in  size. 

In  order  that  the  blood  may  thus  be  sprinkled  upon  the 
spirituous  lymph  which  is  expressed  from  the  pituitary  gland, 
it  is  tiecessary  that  nervous  fibre;*  should  apjily  to  those  shoots 
of  the  "rete"  which  enter  the  substance  of  the  bone,  even  as 
these  iibres  accompany  those  shoots  which  enter  the  gland. 
For  this  purpose,  imleed,  tliat  at  the  same  moment  when  the 
(lid   \a   expanded,   or    when   the  spmtuous   lymph   is  ex- 
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pressed  from  the  gland,  the  blood  shall  be  sprinkled  upOD  the 
Bpiritiious  iyrnph  which  passes  through  the  lympheducts  in 
the  bone.  The  same  also  seems  to  be  the  case  with  that 
Bpirituous  lymph,  which,  in  the  dura  mater  which  is  spread  oat 
under  the  gland,  or  wherewith  the  pituitary  fossa  is  lined,  is 
conveyed  into  the  little  transverse  and  circular  sinuses.  Into 
these  sinuses  there  are  derived,  not  only  the  small  veins  of  the 
gland,  but  also  arterial  vessels  of  the  "  rete;"  altogether  in  the 
same  way  in  which  the  arteries  of  the  dura  mater  are  also 
derived  into  the  longitudinal  sinus.  Perchance  also  the  same 
thing  occurs  here ;  namely,  that  small  arteries  of  the  "  rctc  "  do 
not  immediately  enter  into  the  above  sinuli.  but  are  associated 
first  with  little  veins,  even  as  has  been  observed  above  in  connec- 
tion with  the  longitudinal  sinus. 

640/*.  And  again,  that  the  carotids  may  evianeipale  ihem.' 
selves  from  the  action  of  the  heart,  aiul  may  prepare  Uie  blood- 
for  tlie  brain.  For  Lu  brute  auimala  which  live  exclusively 
under  the  government  of  their  blood,  and  suflfer  themselves  to 
be  acted  upon  in  accordance  with  its  changes,  a  di^erent 
arrangement  is  required,  so  that  the  heart  shall  not  continue  ita 
action  into  the  very  brains.  For  this  purpose  the  carotids  are 
almost  entirely  broken  up  into  branches,  and  in  this  manner  the 
impetus  of  the  heart  is  checked.  This  also  seems  to  have  been 
Galen's  idea  where  he  says  that  the  uses  of  tho  rote  consist  in 
the  vital  spirits  being  contiued  there,  and  in  their  being  compelled 
to  tarry  there,  just  as  the  arterial  and  venous  blood  is  compelled 
to  do  in  varicose  enlargements  in  the  body.  This  appears  very 
evidently  from  the  constriction,  namely,  from  the  diminution  in 
size  of  these  vessels;  for  as  soon  as  they  enter  the  cranial 
cavity  under  the  posterior  cliuoid  processes,  they  are  almost 
entirely  broken  up  into  small  branches,  with  the  exceptitui  of  a 
small  canal  which  continues  its  way,  and  with  which  the  nthur 
small  branches  again  become  associated  before  it  ascends  into 
the  braio.  Fibres  of  the  great  sympathetic  nerve,  moreover^ 
embrace  the  carotid* ;  end  from  their  trunks  these  fibres  are 
transferred  altogether  to  their  shoots;  and   the^e  shoots  they 
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follow,  so  that  if  the  nerve  is  unable  to  coerce  the  carotid  trunk 
as  a  whole,  it  is  able  to  subdue  its  individual  parts  and  branches. 
And  the  nerve  does  not  allow  these  branches  to  rejoin  the 
small  trunk  which  is  left,  until  tho  intervals  of  their  motion  are 
reduced  into  harmony  with  the  motion  of  the  nerve  itsel£  This 
same  result  also  seems  to  be  brought  about  through  the  mem- 
branous cords,  of  which  Biauchi  says  that  they  are  like  tendons 
and  robust  ropes ;  but  Morgagni,  that  they  originate  from  the 
dura  mater  which  either  constitutes  or  lines  the  walls  of  the 
cavernous  sinuses.  According  to  these  authorities,  therefore, 
tho  "  rete  mirabile  '*  of  Galen  seems  to  be  rather  of  a  mem- 
branous than  of  a  sanguineous  nature.  The  eti'ect  produced  by 
these  provbions  seems  to  be  the  same  which  the  dura  mater  also 
brings  about  at  the  very  threshold,  where  it  supplies  the  carotid 
with  a  coating — namely,  that  the  arteries,  by  the  help  of  the 
dura  mater,  and  also  by  the  force  of  the  nerve  by  which  they 
are  embraced,  are  brought  under  the  dominion  of  another  ruler. 
To  the  above  there  is  added  still  another  mechanism,  by  which 
the  heart  is  altogether  deprived  of  the  power  of  extending  its 
action  beyond,  and  which  consists  in  this,  that  the  rete  mirabile 
of  one  side  or  of  one  cavernous  sinus,  communicates  with  that 
of  the  other  side,  and  that  there  are  frequent  anastomoses 
between  them.  For  the  economical  administration  of  the  blood 
soems  here  to  be  identical  with  that  which  prevails  in  the  whole 
brain,  according  to  which  all  vascular  branches  and  trunks  are 
expanded,  that  is,  undergo  their  diastole  at  one  and  the  same 
moment,  and  likewise  their  systole ;  or  that  their  expan^on 
and  constriction  is  simultaneous,  and  not  successive  as  in  the 
body ;  consequently,  that  the  intermediate  and  conmiunicating 
little  branches  are  expanded  at  the  same  moment  as  their  trunk. 
For  this  purpose  it  is  necessary  that  they  shall  be  tied  to- 
gether like  cords  and  fascice.  and  that  in  accordance  with  the 
description  given  of  them,  they  shall  be  rolled  and  twisted 
together:  so  that  they  may  unroll  and  untwist,  that  is.  open 
themselves,  when  the  little  trunk  by  a  force  acting  upon  it  from 
without  is  expanded,  and  vice  veraa*    The  arrangement  hence 
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is,  that  when  the  heart  sends  its  blood  thus  far,  and  aota  in  the 
interior  of  the  vessels,  and  when  the  action  of  the  sympathetic 
nerve  and  of  the  productions  of  the  dura  mater  docs  not  agree 
thcrowith,  tlieao  litth;  branches  rathor  contract  and  contort 
themselves,  and  thus  repel  the  blood,  instead  of  Transmitting  it. 
Wherefore,  this  "  rete  "  is  said  to  be  so  wonderfully  woven,  that, 
according  to  Willis,  there  is  nothing  more  wonderfully  done  in 
the  body.  There  is  thus  couHrmod  here,  what  we  inferred  in 
our  second  Transaction,  namely,  that  the  action  of  the  heart 
terminates  at  this  threshold,  and  that  its  action  is  taken  up  by 
that  of  the  brain.  For  presently  the  little  branches,  after  they 
are  reunited,  commit  their  trunk,  which  has  laid  aside  its  dural 
coaling,  and  at  the  same  time  its  network  of  nervous  fibres,  to 
the  pia  mater,  and  submit  it  altogether  to  the  same.  This  also 
is  the  reason  why  in  Willi.s'  experiment,  who  injected  a  liquid 
into  the  carotid  outside  the  cranium,  that  same  liquid  passed 
into  the  trunk  of  the  opposite  side,  namely,  through  anastomoses, 
above  this  disruption  into  little  branches.  This  liquid,  indeed, 
passed  through  the  little  canal  [in  the  middle],  leaving  only 
insignificant  traces  of  the  blackened  humour  in  the  rete 
mirabile,  and  none  whatever  in  the  cerebrum  and  its  cortex. 
Much  of  the  li{iuid  indeed  flowed  back  through  the  other 
carotid  ;  which  is  an  evident  sign  that  the  heart,  is  deprived 
here  of  its  power  of  action.  In  the  horse,  dog,  and  the  remain- 
ing animals  in  which  such  a  rete  mirabile  is  not  perceived,  there 
still  exi.sts  a  comnmnication  l>etween  the  carotid  of  one  side 
and  that  of  the  other  side,  through  sufficiently  large  canals, 
namely,  before  these  vessels  enter  the  cavernous  sinuses  and  again 
pierce  the  dura  mater.  This  arrangement  produces  a  similar 
result,  namely,  it  retards  and  breaks  to  a  great  extent  the 
impetus  of  the  cardiac  blood.  In  these  animals,  also,  according 
to  Willis'  experience,  the  bIoo<l  passes  through  several  bends 
and  winding!*,  and  is  carried  over  more  space  than  is  the  case  in 
lh(»8o  animals  which  jwssess  the  rete  mirabile. 

640//,  In  nmn,  hrnvrver,  there  %s  iio  iuch  hrraldng  vp  of  ilte 
carotida  into  little  brandieSf  nor  w  tkfre  rf<juirtd  any  afta^o* 
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Tnosis  below  the  brain,  as  in  the  case  of  tJie  animals  which  ai\t 
either  altogether  destitute  of  a  rote  mirahile,  or  in  which  soiuti 
fainc  traces  of  such  a  rote  are  found  in  the  duplicature  of  the 
dura  mater  uear  the  pituitary  gland  These  traces  are  more; 
numerous  and  more  marked  in  proportion  as  the  juice  which 
18  expelled  through  the  gland  is  more  copious.  This  is  in 
Bcciirdauce  with  the  variety  in  the  genius  of  each.  For  we  are 
justified  in  believing  that  those  persons  who  live  more  in  a  state 
of  obsequiousness  to  the  incitements  and  desires  of  their  blootl, 
have  also  mure  of  such  a  rete,  because  they  approach  nearer  to 
the  nature  of  animals.  Thore  are  reasons,  therefure,  why  in 
man  the  carotids  are  never  broken  up  in  such  a  manner.^ 

640A.  Suck  a  biraMng  up  of  the  carotid  ItUo  hranchea  iji 
not  i*eq\tii^d  in  man  for  tJte  purposes  of  the  pituitary  glami, 
nor  for  its  spirituous  lymph,  which  is  to  be  transmitted  through 
the  osseous  substance;  in  the  first  place,  because  this  lymph  is 
not  required  in  such  great  plenty,  and  because  it  is  of  a  purer 
quality,  and  rec|uires  only  the  slightest  force  for  its  propagation. 
For  this  same  reason,  also,  the  o|)eningfi  in  the  bono  arc  scarcely 
conspicuous  in  man  ;  aud  according  to  Vioussens,  can  he  perceived 
only  in  fresh  crania ;  while  in  the  calf  they  are  fairly  gaping  open. 

C40t.  ^^ori-8  it  )Yquired  f&r  the  action  of  th/?  heart,  which  is 
chocked  through  several  curves  during  the  passage  of  the  carotids, 
both  in  the  bone  of  the  cranium,  and  upon  reaching  the  interior 
of  the  skull  in  the  cavernous  sinuses.  This  same  result  also  is 
obtained  by  a  double  }>erforation  of  the  dura  mater;  further  by 
the  coating  which  these  vessels  borrow,  and  by  the  insertion  of 
the  sympathetic  nerve  between  this  adscititious  coating  and  its 
own  coating.  All  this  sufhces  for  the  purpose  that  man  shall  not 
be  governed  by  changes  in  the  blow),  as  is  the  caf*e  with  animal.^. 

C40/.  The  human  brain  in  so  organized  Uial  it  c*ni  sunnuon 
the  requisite  quantity  and  quality  of  bloo^l  from  the  arteries 
when  they  are  left  undidiurhedy     This  subject  is  discussed  iu 


*  Tha  methodi  reaortod  to  in  mau  for  the  pnrpote  of  «mRncipAting  th« 
#ftrotttl  tiliHxl  from  the  motion  of  Uie  heart,  are  discussed  in  thu  light  of  modem 
'AX]Hiriom'i.'  iu  Uie  A^iiHituiix,  Xot«  vi.,  no.  M.— Editor. 


3l6 


THE  RETE  MIRABILE. 


Transaction  II. ;  and  this  could  not  be  done  unless  the  trunks 
of  the  carotids  were  lefl  undisturbed  in  the  cavernous  sinuses. 
For  if  these  trunks  were  broken  up,  according  as  the  exigencies 
required  it,  the  brain  would  have  to  draw  even  upon  the  blood 
of  the  external  carotids,  and  the  nasal  artery,  and  thus  upon  a 
more  distant  source ;  when  jet  for  every  state  which  the  brain 
j)uts  oDj  when  it  is  pondering  reasons,  it  rcquir**s  a  most  present 
blood.  For  thought  and  imagination  move  the  animal  wind 
(p/nvm.Vi%)  at  one  time  less,  at  another  more,  frequently  in  a  dif- 
ereut  way  within  the  space  of  a  single  hour.  At  one  tiine,  there- 
fore, it  requires  the  presence  of  the  blood  in  one  part  of  the  brain, 
and  at  another  time  in  another  pare  And  it  would  be  unable  to 
obtain  the  same,  if  in  man  there  were  an  anastomosis  of  the  blood 
below  in  the  cavernous  sinuses,  as  there  is  in  the  horse.  Still  man 
thence  becomes  subject  to  various  kinds  of  illnesses,  such  as  hemi- 
pJilegia,  special  attacks  of  paralysis,  with  headache  so  called,  etc. 

G40/v,  For  this  purpose  Uuit  the  orgaiis  of  the  hUjher  and 
liAver  degree^  as  exlyeiicy  Teqvdrea,  vuiy  act  eitlier  ajmti  o?' 
conjointly,  namely,  when  a  change  in  the  blood,  and  in  the 
desire  thence  arising,  and  when  at  ihe  same  time  the  force  of 
the  objectswhich,  through  the  organs  of  the  body,incite  and  excite 
the  blood  and  the  ideas,  penetrate  as  far  as  the  sphere  of 
the  rational  mind,  and  determine  the  will  witbout  a  previous 
intuition  of  causes.  Lest  this  take  place,  the  organism  of  the 
human  brain  differs  altogether  from  that  of  the  animals  in  this, 
that  the  former  is  able  to  dispose  itself  in  such  a  way,  that  whilst 
it  collects  and  examines  its  reasons,  the  blood  cnnuot  irritate 
it;  and  if  it  does  excite  the  brain,  still  the  power  is  reserved 
to  it  to  govern  this  excitement,  under  the  advice  of  reason. 

(i40/.  *S'/;  th<U  'ntuv,  con^etjuently,  enjoys  the  usf  of  reiison 
which  consiBts  mainly  in  an  analysis  of  matters  and  things,  and 
in  the  faculty  of  drawing  conclusions  from  the  present  and  the 
past  in  respect  to  the  future,  and  from  antecedents  in  respect  to 
consequences,  .  .  .  and  that  he  may  enjoy  ihr.  frfe*l(jm  of  trlUt 
.  .  .  and  may  anunge  all  thinye  for  '/"  ""rjtuseit  whicJi  the 
soul  intends,  .  .  . 


CHAPTER    XXII. 

THE  FCXCnONS  OF  THE  BRAIN,   AND  ITS   CHYMXCAL 
LABORATORY  IN  GENERAL. 


641.  There  are  three  functions  of  the  brain,  just  as  there  are 
three  principal  operations  in  the  animal  microcosm,  namely, 
a^n8ati<yti,  or  perception  by  the  senses  of  whatever  takes  place 
in  the  world  around,  and,  indeed,  a  perception  of  these  things 
within  the  microcosm  itself,  whenever  it  becomes  affected 
thereby  by  contiguity ;  -Tnotlon  in  a  fit  and  suitable  manner, 
whether  it  be  natural  motion  like  that  of  an  animal,  or  rational 
motion  like  that  of  a  man  ;  and,  finally,  the  production  and 
dabfjratioyi  of  essences  and  juices,  by  means  of  which  the 
animal  microcosm  may  exist,  subsist,  grow  and  live  by  sensa- 
tion, as  well  as  by  motion.  According  to  the  same  principle 
there  are  three  functions  of  the  brain,  namely,  sensation  and 
perception,  determination  and  action,  and  again  the  conception 
and  bringing  forth  of  the  animal  spirit  and  blood.  But  since 
the  brain  sways  the  sceptre  of  tlie  kingdom,  and  governs  and 
a<lministera  it  from  first  things  or  principles  uud  from  laws, 
from  those  which  are  its  own,  as  well  as  from  those  which 
belong  to  nature,  it  therefore  exercises  a  general,  and  at  the 
same  time  a  most  particular  supervision  and  care  over  all 
things.  Wherefore  the  brain  must  be  looked  upon  as  the  uni- 
versal and  general  sensory,  and  at  the  same  time  as  the  uni- 
versal and  general  tootory  organ  of  the  body,  and  finally  as  the 
universal  and  general  laboratory  of  the  animal  spints  and  the 
blood,  or  of  the  essential  juices  of  life.  But  wherever  there 
is  a  universal,  singulai's  or  least  particulars  must  needs  bi; 
present,  and  wherever  there  is  a  general,  there  must  be  parts  or 
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particulars.  The  universal  and  the  general  derive  their  whole 
from  the  sinjrulars  and  the  parts :  such  consequently  must  bo 
the  cose  with  the  brain,  so  that  it  shall  be  what  it  is,  and  that 
it  shall  perform  distinctly  and  appropriately  its  three  functions, 
642.  In  order  that  the  brain  may  be  the  universal  and  general 
sensory,  there  must  be  least  sensories  to  serve  it  in  the  capacity 
of  singulars  and  of  parts.  Of  these  least  sensories  there  are  as 
fuauy  as  there  are  cortical,  and  also  ciucritious  substances;  for 
all  sensations  flash  from  the  organs  of  sense,  in  the  direction  of, 
and  following  the  guidance  of  the  fibres  even  to  their  begin- 
nings or  principles  ;  because  sensations  cannot  stop  except  in  the 
tennination  of  each  fibre,  that  is.  in  the  cortical  substance  of 
the  cerebrum  and  corobellum.  as  well  as  in  that  of  the  medulla 
oblongata,  and  of  the  spinal  cord :  for  the  cortical  substance 
serves  the  fibre  in  the  place  of  a  beginning  and  an  end  From 
the  situation,  form,  connection,  mutual  respect,  harmony  and 
quality  of  all  these  singulars  and  parts,  or  from  their  external 
and  internal  st^tc,  results  what  is  attributed  to  the  cerebrum 
and  cerebellum  as  peculiarly  their  own,  namely,  their  capacity 
of  sensating  and  perceiving  in  the  most  singular  and  particular 
tnauuer  whatever  is  transacted  and  takes  place  outside  of  them- 
selves in  the  surrounding  world,  and  also  in  its  own  kingdom ;  for 
their  thousand  little  organs  and  sensories  scnsate  and  see  more 
on  the  principle  that  several  eyes  see  more  than  one  eye.  Sensa- 
tion pursues  almost  the  same  course  in  the  animal  microcosm, 
as  modification  does  in  the  microcosm ;  for  it  runs  from 
each  single  fibre  which  has  been  set  into  activity,  as  from  so 
many  centres  of  motion,  towards  the  circumferences;  and  thus 
following  the  Mux  of  the  fibres,  it  runs  from  the  extremity  of 
every  fibre  which  has  been  touched  and  modified  towards  the 
two  beginnings  of  the  medulla  oblongata,  that  is,  towards  tbo 
corpora  striata  and  the  optic  thulami,  and  thence  sensation 
speeds  away  into  the  cortex  of  the  brain,  and  at  the  same  time 
into  the  first  and  ultimate  point  of  its  organism.  This  function 
of  the  cerebrum,  however,  belongs  to  our  psychology,  whtrrc  it 
will  be  discussed. 
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643.  In  order  that  the  brain  may  be  the  universal  and 
general  motory  organ,  there  must  be  little  motory  organs  which 
are  its  singulars  and  parts.  Of  these  there  are  also  as  many  as 
there  are  cortical  and  cineritious  substances.  The  motory  organ, 
however,  is  voluntary  as  well  as  natural.  \Xs.  voluntary  part 
belongs  to  the  cerebrum,  and  its  natural  part  to  the  cerebellum. 
The  m'Mlulla  oblongata  and  the  spinal  cord,  on  the  other  hand, 
arc  disposed  in  harmony  with  the  conatus  and  the  active  forces 
both  of  the  cerebrum  and  cerebellum,  and  they  are  in  readiness 
to  act  according  to  the  beckoning  of  each.  The  first  termini  of 
motion  must  be  whore  the  first  termini  of  the  fibres  are,  for  the 
fibres  are  so  many  piithways  of  determinations,  through  which 
there  is  poured  forth,  from  their  first  little  springheads,  as  from 
BO  many  little  hearts,  the  animal  spirit  which,  upon  coming  to  a 
st/i^p  in  the  motor}'  fibres  of  the  muscle,  produces  there  the 
actittn  which  the  cerebrum,  as  the  general  sensory  and  intellective 
organ  represents,  intends  and  orders  for  itselC  Where  the 
cerebrum  seusates,  perceives,  and  thinks,  there  also  it  wills,  and 
determines  actions;  for  the  will  is  the  ultimate  terminus  of  its 
understanding.  From  the  very  same  origins,  and  thus  the  very 
samesubstanccs,  by  means  of  which  the  brain  perceives  the  modes 
or  modifications  of  the  senses,  it  marks  out  and  starts  its  motions  j 
still  these  motions  begin  only  at  those  particular  origins  which 
correspond  to  each  of  the  motory  fibres  of  the  muscle.  The 
cerebrum  expends  scarcely  more  than  one  half  of  its  fibres  upon  its 
voluntary  acts,  the  rest  it  utilizes  in  its  chymical  operations,  or  in 
the  orfTfiuR  of  its  laboratory.  The  cerebellum,  however,  devotes 
the  whole  of  its  fibres  to  the  production  of  motion,  yet  only  of 
such  motions  as  do  not  reach  oar  consciousness;  the  medulla 
oblongata  and  the  spinal  cord  of!er  their  ministrations  and  assist- 
ance to  either  organ.  This  function  of  the  brain,  however, 
like  the  first  function  discussed  above,  belor»gs  to  the  psycho- 
logical iMirt  of  our  work,  where  it  will  be  treated  of  more  fully. 

€44.  lu  order  that  the  brain  may  be  the  universal  and 
general  laboratory  of  the  animal  spirits  and  of  the  blood,  and 
hence  of  the  essential  liquid  juices  of  life,  there  must  be  little 


320 


FUNCTIONS  OF  BRAIN  IN  GENERAL. 


laboratories,  to  serve  it  in  the  place  of  siDgulars  and  parts.  Of 
these  also  there  are  as  many  as  there  are  cortical  and  cineritious 
substances,  both  of  the  cerebrum  and  cerebellum,  and  of  the 
medulla  oblongata,  and  the  spinal  marrow.  These  substances, 
therefore,  may  be  defined  as  so  many  little  laboratories,  glands, 
or  least  brains.  For  there  where  the  principles  and  heads  of 
the  fibres  arc,  which  are  rivulets  of  animal  spirits,  there  also  are 
the  little  fountain-heads  from  whence  these  spirits  spring;  for 
there  the  brain  conceives  and  brings  them  forth,  and  from 
thence  it  sends  them  out,  so  that  they  may  bo  of  general  use  to 
the  kingdom.  These  spirits  themselves  are  the  purest,  Inmost, 
the  highest  and  most  univursal  essences  of  the  blood  ;  for  the 
blood  itself  lives  from  its  spirit,  as  the  spirit  from  its  soul.  The 
blood  also  is  the  basis  and  seminary  of  everything  in  its 
kingdom ;  and  upon  its  nature,  constitution,  dcteniiination, 
continuity  aud  abundance  depends  the  fate  and  condition  of 
animal  life.  On  this  account  also  the  blood  is  the  parent  and 
foster-mother  of  all  kinds  of  juices  in  the  body.  While  thus  the 
brain  cares  for  the  blood,  it  provides  at  the  same  time  in  a 
universal  maimer  fur  every  liquid  essence,  or  for  every  juice  in 
the  body.  Ou  this  account  the  brain  has  fitted  out  its  laboratory 
with  a  most  illustrious  chymical  apparatus,  that  it  may  thus 
serve  as  a  model  and  ideal  for  alt  the  laboratc>ries  of  the  bo<]y, 
of  which  there  as  many  as  there  are  glands.  All  these  glands 
must  be  regarded  as  its  likenesses  and  types,  and  indeed  on  a 
large  scale. 

04*5.  In  so  far  as  the  cortical  substance  is  situated  in  the 
beginning  or  ceutre  of  the  actions  of  its  body,  and  as  it  contem- 
plates these  actions  underneath  itself  from  on  high,  it  is 
necessary  that  every  individual  part  of  the  system  of  the  body 
shall  correspond  to  this  substance,  as  effects  corresj>oiid 
to  their  causes;  wherefore  everything  in  the  whole  kingdom, 
which  performs  any  kind  of  an  office,  must  pro-cminently  bo 
ascribed  to  the  brain,  wliich  thus  mu£»t  be  detiucd  as  the  pure^ 
sensory  orgati.  ait  well  as  a  gland ;  nay,  us  a  microcosm,  thtt 
whole  body  being  called  a  macrocosm. 
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646.  As  many  glands  as  there  are,  so  many  laboratories  are 
there  fitted  out  with  chymical  organs ;  for  by  extraction,  filtra- 
tion and  commixture,  chyles,  milk,  salivae,  biles,  exudations, 
and  the  remaining  lymphs  which  owe  their  origin  to  the  bluoil. 
are  elaborated,  and  thence  excreted  in  the  glands  for  the  uses 
of  life.  The  large  laboratory,  however,  or  the  gland  of  the 
cercbnim  collects,  separates,  and  transmits  into  the  ultimate 
receptacles  of  the  sinuses  those  simple  essences,  those  principles 
and  individual  parts  which  are  to  form  ingredients  of  blood- 
corpuscles,  or  blood-cells.  This  large  gland  is  constructed 
according  to  the  plan  of  the  purest  and  most  perfect  glands,  of 
such  as  are  glands  in  a  supcreminent  degree;  namely,  according 
to  that  followed  in  the  construction  of  the  cortical  substances 
which  are  miniature  likenesses  of  the  brain ;  for  in  them  is 
generated  the  animal  spirit  which  imparts  their  inmost  and 
chiefi'st  essence  and  nature  not  only  to  the  blood,  but  also  to 
the  remaining  fluids  which  are  created  out  of  the  blood,  and 
are  animated  by  it 

fi47.  Upon  its  organical  apparatus  or  laboratory,  however, 
the  cerebrum  expends  only  one  half  of  its  forces;  the  rest  of  its 
fibres  it  despatches  at  once  through  the  medulla  oblongata  into 
the  sensory  and  motory  organs  of  the  body.  The  cerebellum, 
on  the  other  hand,  does  not  derive  one  particle  into  the  above- 
mentioned  laboratory — and  therein  it  is  joined  by  the  medulla 
oblongata  and  the  spinal  cord — but  it  expends  itself  wholly. 
through  the  nerves,  upon  the  higher  and  lower  provinces  of  the 
kingdom  of  the  body,  and  indeed  upon  the  arterial  and  venous 
vesaela,  as  well  as  immediately  upon  the  blood ;  and  thence, 
that  is,  by  the  way  of  the  blood  it  is  derived  into  the  glands  of 
the  viscera  of  the  body,  of  which  there  are  myriads. 

048.  Only  the  softer,  lighter  and  more  lifjuid  blood  is  con- 
veyed and  propelled  towards  the  cerebrum  and  cerebellum 
through  the  carotid  and  vertebral  arteries.  The  purer  and 
spirituous  essence  of  this  blood  is  reabsorbed  by  the  cortical 
substance,  and  together  with  the  newly-elaborated  spirit  is 
committed  to  the  fibres ;  so  that  only  the  grosser,  harder,  the 
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more  inert,  and  merely  corporeal  part  of  the  blood  remains, 
which  is  rejected  into  the  longitudinal,  the  lateral,  and  the 
straight  sinuses  This  blood,  upon  being  deprived  of  its  better 
life,  becomes  sluggish  and  dark,  and  is  urged  into  the  widened 
ends  or  receptacles  of  the  sinuses  and  towards  the  jugular  veins. 
Unless  it  were  animated  there  by  a  new  spirit,  and  thus  revived, 
it  would  bo  unable  to  flow  and  would  clog  up  the  orifices  i  its 
bulk  then  would  be  increased,  and  afler  accomplishing  a  few 
rounds  in  it*  circulation,  the  blood  would  transgress  its  limits, 
and  Hood  the  whole  brain,  which  is  the  court  and  council- 
chamber  of  the  body.  It  would  thus  deprive  the  brain  alto- 
gether of  its  sensory  and  motory  functions,  thus  of  its  provi- 
dence, omniscience,  and  of  its  power  in  its  little  world,  and 
hence  would  put  an  end  to  the  kingdom.  In  order  to  escape 
this  danger  the  brain  establishes  its  laboratory,  which  it  fur- 
nishes with  a  vast  array  of  organs,  and  thither  it  sends  its  spirit 
through  fibres,  both  that  spirit  which  it  has  recently  elab<jrated. 
and  also  the  old  spirit  which  it  has  received  back  from  the  body, 
in  order  that  this  spirit  may  restore  and  vivify  the  dying  blood, — 
the  supply  of  spirit  being  always  proportionate  to  the  exigencies 
of  the  case.  In  this  wise  the  blood,  which  but  a  short  while 
previously  was  lifeless,  is  re-animated,  and  ader  being  made 
liquid  again,  it  returns  into  the  body,  where  it  describes  and 
pt'q>etuates  its  circles.  On  this  account  the  petrosal  sinuses 
originate  at  the  very  sella  of  the  pituitary  gland,  and  they  burst 
out  thence  as  from  a  prison ;  and  on  this  account  they  empty 
their  contents  in  due  order  into  the  widened  ends  or  the 
receptacles  of  the  lateral  sinuses,  and  into  the  jugular  voiu8 
themselves.  After  the  blood  on  its  return  journey  hiLs  been 
itnbuod  with  spirit,  it  is  received  by  the  new  chyle,  or  in  its  stead 
by  a  most  refined  lymph,  which  arc  conveyed  into  the  subclavian 
Vein  by  die  thoracic  duct.  luto  this  cbyln  or  lymph  tJie  blood 
is  at  once  introduced,  and  presently  it  is  carried  into  the  general 
whirlpool,  or  agitator,  that  is,  into  the  right  veutricle  of  thu 
heart.  Afterwards  it  is  disperstjd  ihroiigh  the  pulmonary  tubes 
d  vesicles,  and  imbibes  the  purest  nitrous  substances  and  the 
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ftalluo  clemeuta  conveyed  thither  by  the  atmospheres;  M'honce 
it  becomes  of  a  more  lively  and  ruddy  colour,  and  returns  into 
the  other  chamber  of  the  heart-,  from  which  it  is  expressed  into 
the  arterial,  and  Uieiice  into  the  venous  vessels.  In  tlm 
capillary  vessels  the  blood  which  has  been  generated  in  this 
iimnner  is  freed  by  excretion  from  all  that  is  antiquated  and 
obsitk'tc,  and  also  from  all  useless  and  urinous  serositics  which 
e  cast  o\it.  Such  is  the  use  for  the  sake  of  which  the  apjiar- 
us  of  the  chymical  organs  in  the  brain  has  been  established 
6+9.  Lest,  therefore,  the  effect  should  betray  the  cause,  and 
lest  in  its  progress  it  should  be  brought  to  a  stop,  both  petrosal 
simises  are  carried  across  the  petrous  and  spongy  temporal  bones, 
wher«  the  ear  with  its  tympana,  fenestra;,  tubes,  and  cochleae 
which  are  hollowed  out  of  the  bones,  is  hidden  away,  and  whither 
the  auditory  nerves  likewise  penetrate.  These  sinuses  are  thus 
carried  across  the  whole  of  an  area  which  is  tremulous,  and 
in  a  perpetual  state  of  vibration  from  the  sonorous  modes  of 
the  internal  ear;  for  the  whole  of  tliis  area,  like  an  island, 
is  enclosed  by  three  sinuses,  as  by  boundary  sti*eains.  And, 
lastly,  the  jugular  veins  also,  which  contain  the  same  blood, 
are  carried  towards  the  larynx,  and  they  run  down  along  the 
trachea,  which  is  likewise  in  a  tremulous  condition;  and  the 
whole  of  this  arrangement  is  for  this  purpose,  that  the  highly 
elastic  Hnids,  carried  by  the  petrosal  sinuses,  which  are  already 
interiorly  in  a  state  of  vibration  and  cxhilaralioTi,  may  also,  by 
external  adventitious  causes,  germane  to  their  nature,  be  pro- 
|)elled  towards  their  final  goal,  and  be  thoroughly  commingled. 
C50.  How  sublime  the  chymical  process  of  the  brain,  and.  at 
the  same  time,  its  apparatus  of  organs  is,  and  by  what  intrinsic 
art  of  nature  it  is  stirred  into  life,  appears  only  from  a  more 
thoruugh  exploration  and  a  closer  scrutiny ;  for  the  more  we 
examine  the  interiors  of  nature,  the  denser  becomes  the  dark- 
ness and  stupor  into  which  we  are  thrown  by  its  arcana;  and 
at  last  we  are  compelled  to  acknowledge  that  nature  does  not 
take  the  least  stop  without  having  respect  to  that  end,  which, 
iu  its  minutest  singulars,  as  by  so  many  means,  ever  conspires 
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with  the  general,  and  at  last  with  the  one  and  only  end ;  and 
again,  that  whatever  the  moral  world  in  nature  intends^  ite 
physical  world,  as  a  servant,  produces  most  obediently  as  its 
effect ;  that,  therefore,  in  the  interior  bosom  of  nature  all  science 
resides  as  it  is  in  itself,  and  if  we  scrape  off  anything  from  its 
surface  and  crush  it,  mere  diminutive  drippings,  and  muddy  at 
that,  issue,  as  it  were,  from  the  immense  lake.  As  nature 
teaches  us  the  science  of  optics  in  the  organ  of  sight,  and 
acoustics  and  music  in  the  ear,  so  in  the  organs  of  the  brain 
and  in  every  glandule  of  the  body,  it  instructs  us  in  the  most 
hidden  art  of  chemistry ;  how  the  animal  spirits  are  to  be 
combined,  filtered,  solved,  rectified  and  refined  for  every  par- 
ticular use,  and  how  the  laboratory  is  to  be  fitted  out  with  the 
most  elaborate  alembics,  phials,  worms,  and  receivers  ;  and  how 
these  arc  to  be  sealed  with  bladders  and  membranes,  and  to  bo 
warmed  in  baths. 

651.  Let  me  mention  only  one  thing.  As,  the  brain  in  its  labor- 
atory, from  the  operations  of  combining  and  condensing  fluids, 
passes  to  that  of  mollifying  and  separating  the  same,  it  likewise 
passes  through  degrees  of  cold  and  heat.  In  the  first  receivers, 
that  is,  in  the  lateral  ventricles  where  vital  essences  are  wedded 
to  more  inert  serosities,  there  prevails  a  comparatively  cool 
temperature.  This  temperature,  however,  abates  and  is 
rendered  milder  in  the  middle  or  third  ventricle,  for  the  veins 
of  the  lateral  ventricles,  and  of  the  choroid  plexus,  cling  to  its 
bottom,  and  pass  through  it.  A  still  milder  temperature  and 
a  gentle  tepid  warmth  begins  in  the  infundibulum,  the  ven- 
tricose  enlargement  of  which  is  encircled  by  the  communicating 
branch  of  the  carotid  and  vertebral  arteries,  and  irrigated  by 
innumerable  arterial  shoots  and  plexuses.  The  heat  becomes 
intensified  in  the  subjacent  pituitary  gland,  against  both  sides 
of  which  press  the  swelling  carotids  which  breathe  out  heat, 
and  in  addition  this  gland  is  flooded  on  all  sides  by  motory 
fibres  and  little  arteries.  The  temperature,  however,  is  hottest 
in  the  cavernous  sinuses,  underneath  which  there  is  an  oven, 
OS  it  were ;  for  these   receptacles  arc   not   only  filled   by  the 
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carotid  arteries,  but  two  sinuses  also,  and  as  many  ample  veins 
pass  through  the  same,  as  well  as  some  ucwly-bom  and  most 
active  nerves.  We  are  therefore  quite  justified  in  calling  the 
lateral  ventricles  cooling  chambers,  and  the  cavernous  sinuses 
hot  stews  and  baths. 

G52.  Into  its  laboratory  the  cerobrum  despatches  its  fibres 
and  pours  out  its  spirit;  it  also  causes  in  it  an  alternate 
systaltic  and  iliastaltic  motion,  while  the  corpora  striata;  and 
optic  thalami.  or  the  begitmirigs  oJ'  the  medulla  oblongata,  the 
welis  of  the  brain,  furnish  obediently  the  requisite  water.  The 
cerebellum,  on  the  other  hand,  pours  in  blood  or  the  serum  of 
blood,  for  the  choroid  plexus  is  mainly  constituted  of  the 
arteries  of  that  organ,  namely,  of  the  vertebral  arteries.  A 
certain  marriage-union  is  thus  celebrated  there,  the  cerebrum 
being  the  bridegroom,  and  the  cerebellum  the  bride ;  the  latter 
gives  herself  away  in  the  thalumi  or  marriage  chambers  of  the 
former,  and  the  corpora  striata  lend  their  help,  and  serve  in  a 
ministering  capacity  at  the  consummation  of  this  marriage. 
The  cerebellum  acts  also  upon  the  isthmus  formed  by  the 
corpora  quadrigeraina,  and  opens  and  closes  the  doors  to  the 
inner  sanctuary ;  it  likewise  governs  and  rules  the  whole  mass 
of  the  blood,  and  casts  it  into  the  jugular  veins  ;  it  tightens,  too, 
and  relaxes  the  extreme  ends  of  the  tentorium  which  are 
extended  as  far  as  the  cavernous  sinuses  and  the  sella  turcica, 
and  iu  this  wise  the  cerebellum  constantly  stimulates  the 
pituitary  gland  to  pour  out  new  life  into  the  blood-  It  appears 
hence*  that  the  offices  are  so  distributed  between  the  cerebrum 
and  tlie  cerebellum  that  each  claims  a  part  in  the  regeneration 
of  the  bluod. 


CHAPTER    XXIII. 


A  COMPARISON  BETWEEN  THE  LARGE  GLAND  OF  THE  BRAIN 
AND  THE  SMALLER  GLANDS  OK  THE  BODY.* 

633.  NucK.^ — "The  glands,  usually  reckoned  conglomerate 
or  racemose,  ore  such  as  are  composed  of  a  congeries  of  lesser 
glamls,  aiid  surrnundcd  by  a  common  coat;  and  each  of  the 
lesser  glands  puts  forth  an  excretory  duct,  and  those  ducts 
again  form  a  canal  through  which  a  certain  liquid  flows,  either 
into  some  considerable  cavity,  or  to  the  outside  of  the  body. 

Of  this  kind  are  the  glandulte  innominata>,  the  parotid  glands, 
the  pancreas,  the  glands  of  the  mammas,  etc.,  which,  with  all 
the  others  of  this  description,  are  nothing  more  than  a  texture 
of  very  minute  vessels  composed  of  the  smallest  arteries  which 
carry  blood  laden  with  various  particles,  and  terminate  in  two 
<>rder:»  of  vessels,  of  which  some  are  venous  and  admit  venous 
Idood,  and  some  excretory,  as  we  obj^erved  before.  To  get  a 
clear  view  of  the  latter  vessels,  they  must  be  made  the  subjects 
of  certain  experiments.  When  the  membrane,  investing  a 
conglomerate  gland,  is  removed,  and  any  liquid  injected  through 
its  excretory  ducts,  or  its  arteries,  we  then  observe  the  lessor 

*  A  Wge  portion  of  this  chapter  vas  introduced  by  the  Author  in  Part  I.  of 
th«  "Rognum  Anim»le,*'  where  it  cou^tituteft  Chapter  viii.  under  the  title 
'*The  Glandi  GL'nvrally;"  fur  this  roaeon  it  is  crossed  out  in  the  uri^Uiui 
M:^.,  Olid  &  portiou  of  the  imatoiuicAl  tjuotations  hoa  been  lust.  As  the 
aualyats  uf  the  present  i-bapter,  however,  differs  rery  much  front  thut  printCNl 
in  Tart  I.  uf  the  *' Keguum  Atnnmle,"  we  cunsidcr  it  uptuful,  sud  cv«n  nocui- 
•ary,  to  introtlnce  here  the  whole  of  t)ie  croMcd  out  chuptcr.  Th4  Lnttcr  portion 
of  the  anatomical  qiiotiitious  Me  aupply  from  Part  I.,  and  for  the  whole  of  the 
qaotatious  wo  adopt  tlio  excellent  translatiuu  of  Dr.  J.  J.  Garth  Wilhinsoo. — 
KbrroR. 

*  ''AdenographiaCariosa,"  Lagd.  Bat,  161K2. 
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glands  receding  from  each  other,  their  little  vessels  turgid  with 
'injection,  and  the  glands  themselves  all  rising  up  {Dt  ijlandulia 

bi  genere,  chap,  il,  pp.  8,  9).  .  .  .  Having  obtained  a  mamma, 
the  nipple  of  which  was  perfoRitcd  by  many  excretory  ductfl.  I 
pressed  out  of  it  all  the  milk,  and,  selecting  one  of  the  largest 
orific(^,  I  injected  my  mercury  into  it  with  as  much  dexterity 
as  I  could  command,  and  immediately  I  had  the  ple^isure  of 
observing,  not  only  that  the  lactiferous  ducts  were  beautifully 
filled  and  presented  an  arborescent  appearance,  but  that  several 
of  the  lesser  ones  had  so  far  admitted  the  mercury  that  it  had 
passed  into  certain  anterior  vessels,  continuous  with  the  lacti- 
ferous ones  (17*1(1.,  pp.  12.  115).  .  .  .  The  [conglobate  or  lym- 
phatic] glands  have  two  membranes,  an  exterior  and  an  interior. 

'he  exterior  is  the  thinner  membrane,  and  encloses  the  whole 

[landj  and  adheres  in  general  so  firmly  to  the  membrane 
uodemcalh  it  that  it  cannot  be  removed  without  laceration, 
although,  in  some  cases,  its  connection  is  looser,  and  it  may  be 

^parated  more  easily.  It  consists,  for  the  most  part,  of  circular 
fibres  without  either  beginning  or  end,  except  about  the  entrance 
of  the  vessels  where  the  circular  arrangement  is  usually  dis- 
turbed. .  .  .  Upon  removing  the  exterior  membrane,  we  come 
to  another  thicker  and  more  compact  membrane  immediately 
»veri  ug  the  substance  of  the  gland,  and  which  is  perforated 
throughout  by  both  the  afferent  and  efferent  vessels.  Its  pores, 
however,  are  so  minute,  that  air  does  not  ordinarily  escape 
^through  them,  notwithstanding  it  is  forcibly  driven  through  the 

^easels,  a  result  to  which  the  exterior  membrane  contributes  in 
no  slight  degree.  It  is  furnished  with  various  tibres,  longi- 
tudinal, circular  and  oblique,  which  touch  e:ich  other  in 
itiDumerable  places,  but  are  arranged  quite  irregularly.  It  is 
supplied  with  both  afleront  and  et^crent  vchsgIs,  ari.siog 
the  same  ramifications  as  the  vessels  of  the  exterior 
|]itcmbrane  {Dc  GlandtilU  Covglobatis,  Cap.  J.,  pp.  27-29).  .  .  . 

ksiden  the  investing  membrane,  I  found  that  the  glands  have 

Jso  a  fibrous  tissue,  consisting  of  a  number  of  fibrillm  of  different 
species  and  figures,  and  all  united  together.     The  exterior  ones. 
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placed  immediately  under  the  internal  membrane  (to  which 
also  tho  fibres  were  tirmly  connected)  by  their  extremities, 
which  represented  so  many  little  heads,  were  connected  to  the 
membrniio  in  a  certain  regular  order,  so  that  the  intermediate 
spaces,  being  ordinarily  filled  with  lymphatic  juice,  rendered 
the  coat  uneven,  and  dotted  with  great  numbers  of  little 
hemispherical  tuberosities.  The  fibres  immediately  under 
these,  and  which  were  turned  inwards  towards  the  gland, 
formed  various  angles,  some  being  hexagons,  some  pentagons, 
and  some  of  different  other  figures,  according  as  best  suited  the 
other  part  of  the  fibrous  texture.  The  rest  of  the  fibres,  as  far 
as  the  centre  of  the  gland,  still  followed  the  other  arrangement, 
but  kept  the  same  irregular  order,  some  being  larger,  some 
smaller,  some  longer,  some  shorter  than  others,  but  always 
firmly  connected  together,  and  nearly  resembling  the  moss  on 
a  tree,  wherefore  the  conglomerate  glands  might  not  inaptly  be 
called  glandula?  vasculosie,  and  the  conglobate  glandula;  muscos;e. 
After  a  careful  examination  I  have  never  been  able  to  find 
canals  in  these  fibres ;  thu  whole  of  theru,  excepting  tlic  blood- 
vessels, are  destitute  of  cavities.  And  here  it  may  be  observed 
that  the  compagcs  of  the  glands  was  not  tho  same  in  all  sub- 
jects, but  more  lax  in  some,  more  tense  in  others,  according  as 
the  glands  were  distended  by  a  greater  or  lesser  quantity  of 
lymph.  The  glands  vary  also  greatly  in  colour;  some  being 
grey  (which  is  the  usual  colour),  some  yellowish,  some  blackish, 
and  others  again  variegated.  These  glands,  indeed,  are  natur- 
ally full  of  a  certain  transparent  and  limpid  fiuid;  but  this  is 
often  changed  into  a  viscid  humour;  and  I  have  seen  the  inter- 
stices of  the  glands  filled  and  obstnictod  with  tartareous  and 
sabulous  matter;  and  in  some  instances  I  have  extracted  as 
maity  grains  of  sand  as  there  were  cavities  between  the  fibres, 
and  occasionally  have  found  the  whole  glaud  in  a  calculous 
state  (Ibid.,  Cap  II.,  pp.  35-38).  .  .  .  Besides  the  fibres  already 
mentioned,  I  have  also  seen  various  others,  extending  from  one 
side  of  a  conglobate  gland  to  the  opposite  sidej  some  being  nearly 
rectilinear ;  others  departing  from  the  right  tirtc,  and  forming 
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obtuse  angles.  .  .  .  Having  ofton  previously  observed  that  each 
gland  receives  at  least  one,  f'rcquoutly  two,  aud  not  seldom  thrci* 
or   four    branches   from    the   neighbouring  arteries.   h(?nce   I 
aelticted  one  of  theao   branches   for   injection   with    mercury  ; 
which,  finding  a  ready  passage,  made  tlio  little  artery  with  its 
various   ramifications  conspicuous   through    the   tissue  of  the 
gland  ;  nor  wero  the  corresponding  veins  wanting,  divided  into 
a  number  of  lesser  twigs;  but  the  bUwd-vessols  were  greatly 
exceeded   in  number  by  the   nerves,  wlucli   kept  along   their 
sides  {Ibid,,  Cap.  III.,  pp.  39,  40).  ...  I   admit   tliat  these 
glands  cannot  be  the  origins  of  the  lymphatics;  for  more  than 
onoe  I  have  observed  so  close  a  connection  between  the  lym- 
phatics and  the  arteries,  that  when  a  little  artery  was  liiilated. 
the  lymphatic  of  some  gland  was  inflated  at  the  same  time,  and 
its  lymph  seemed  often  bloody,  like  the  washings  of  flesh.     A 
lymphatic  soniotimcs   puts   forth   lateral   twigs,  its  principal 
branch   only   lying   on    the   gland,  aud    taking    up  again    the 
returning  twigs.     No  lymphatic  can  possibly  tinish  itA  course, 
without  being  obliged  to  salute  the  glands  in  some  part  thereof; 
as  we  see  particularly  in  those  parts  where  there  appear  to  be 
no  glands,  and  yet  where  there  are  lymphatics;  which  latter, 
in  such  case,  by  ways  hitherto  unnoticed  by  anatomists,  aud  as 
it  were,  by  secret  or  blind  paths,  seek  out  some  gland,  and  dis- 
charge into  it  their   lymph;   there  to  be  mingled  with    somu 
other  lymph    proceeding  from  a  diflerent  source  ;   and  thence 
propelled  by  the  common  eflferent  vessel,  towards   the  recep- 
taculum  chyli,  or  some  other  destination  {Ih'ul.,  Cap.  III.,  pp, 
47-40).  ...  I  have  seen  the  lacteals  still  turgid  with  chyle  in 
perhaps  a  hundred  places  (which,  however,  only  very  seldom  we 
are  able  to  see  in   the  human  body) ;  and   the  glands  of  the 
mesentery  full  of  a  certain  juice :  and  being  desirous  of  knowing 
what    int**rcourse   there  was    between    the  lacteals   aud    these 
glands,  I  injected  mercury  into  one  of  the  vesaels  proceeding 
from  the  intestines,  and  which  was  conspicuous  on  the  outside 
for  the  number  of  its  valves;  and  I  had  the  unexpected  siitis- 
faction  of  observing,  that  not  only  was  the  lacteal  filled  by  the 
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injection,  but  the  gland,  to  which  it  went  straight,  assumed  a 
new  fif^ure  and  appearance;  changing  from  Hat,  even,  and 
smooth,  to  globular,  rough,  and  tuberous  (Ibid.,  Cap.  II.,  pp. 
31,  32).  .  .  .  The  conglobate  glands  of  horses,  oxen,  dogs,  and 
of  other  animals  of  the  same  kind  were  the  subjects  of  investi- 
gation in  our  theatre,  and  everywhere  the  mercury  by  its  course 
discovered  the  same  order,  and  the  same  way.  The  glands 
sometimes,  as  has  been  the  case  in  human  subjects,  changed 
their  figure  and  surface  (Ibid,,  p.  33). 

054.  Mai.pighi.i — "There  are  many  species  of  conglobate  or 
lymphatic  glands,  diBcring  from  each  other  in  their  exterior 
configuration  and  internal  structure,  as  well  as  in  the  quality  of 
the  juices  thcv  excrete,  and  in  their  excretory  vessels.  The 
gland  with  which  the  palate,  the  oesophagus,  the  intestines,  and 
other  similar  parts  are  plentifully  furnished,  is  the  simplest  of 
all.  and  the  model  of  the  rest  of  the  glands.  It  consists  of  a 
membranous  follicle  or  loculus,  which  is  sometimes  oval,  some- 
times ruund,  and  sometimes  lenticular  or  oblong.  Around  this 
loculus  or  follicle,  blood-vessels  and  nerves  ramify,  and  we  may 
conjecture  that  it  is  also  surrounded  by  fleshy  fibres,  or  at  any  rate 
covered  by  a  muscular  extense.  something  like  what  we  see  in  the 
stomach  and  oesophagus.  Next  in  order  to  this  simple  gland  are 
glands  consisting  of  a  number  of  loculi ;  as  tliose  in  the  face,  in  the 
lips,  in  certain  parts  of  the  skin,  about  the  pudendum,  and  tho 
palate  ;  in  which  the  excretory  vessel  (which  is  eometimes  oblong) 
has  numbers  of  membranous  loculi  appended  to  it,  which 
open  into  it.  and  are  surrounded  by  ramifications  of  nerves  and 
blood-vessels.  The  conglob.ito  glands  are  situated  in  the  axilla, 
in  the  groin,  in  the  fat,  in  the  mesentery,  and  in  almost  every 
other  part  of  the  body.  They  are  covered  externally  with  a 
very  dense  membrane,  which  is  supplied  by  lateral  branches 
from  the  blood-vessels.  Under  this  are  placed  circular  fleshy 
librus.  which  penetrate  iho  body  of  tin-  t:liuid  Iwiri^iuntMllv.     This 


•  " titJttfrtntiO  tU  glnnrluix^  cou'jlofxtti^,  Loudon,  1GS3  ;  Lcydcn,  10IH3;  con' 
tAixicfl  ikLs'i  in  his  Oprra  J'tMthvma,  Loodou,  16U7.  Tho  r«icrciicci  above  ar* 
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membrane  is  also  frequently  studded  with  multitudes  of  minute, 
round  tubercles,  caused  by  the  turgid  corpuscles  contained  within 
the  gland.  .  .  .  The  follicles  of  the  gland  are  full  of  a  certain 
cinereous  humour,  wliich  is  but  little  transparent  in  the  natural 
state.  .  .  .  The  loculi  are  appended  to  the  blood-vessels  which 
pass  over  the  fasciculi  of  the  deshj  Bbres,  and  form  the  areolae ; 
wherefore  the  btxly  of  the  gland  b  composed  of  various  layers  of 
areolae  and  spaces  of  the  kind  placed  one  upon  another.  The 
bloud-vessels,  that  is  to  say,  the  arteries  and  veins,  enter  these 
glands  by  many  branches,  mounting  over  their  sides;  and  in 
some  of  the  larger  glands  which  are  connected  to  the  trachea, 
the  vessels  enter  the  belly  of  the  gland,  or  the  concavity  formed 
by  the  doubling  in  and  approximation  of  its  two  ends.  After 
entering,  the  larger  branches  form  a  network,  and  their  last 
twigs  appear  to  terminate  on  the  loculi  and  parietes  of  the 
areola*.  The  glands  have  many  nerves,  and  sometimes  a  single 
nerve  enters  their  substance.  And  although  in  the  interior  of 
some  of  them  there  is  a  reticular  tissue  resembling  a  thin 
membrane,  yet  the  Blameuts  of  which  it  is  composed  are  not  all 
nervous,  but  are  frequently  portions  of  the  fleshy  fibres,  and  of 
the  timbriated  membrane  which  covers  the  gland  exteriorly. 
llie  conglobate  glands  certainly  have  lymphatics  appended  to 
them,  atid  which  communicate  with  their  inmost  substance;  so 
that  a  single  lym]ihatic  penetrates  the  smallest  glands,  and  very 
frequently  many  enter  the  larger  onea ;  thus  we  may  declare 
that  every  conglobate  gland  is  supplied  with  glands.  ...  So 
great  is  the  abundance,  and  such  is  the  minute  division  of  the 
lymphatics  in  the  spleen,  as  to  admit  of  neither  description  nor 
representation.  Their  trunks  pass  out  about  the  thicker  portion 
of  tho  spleen,  where  the  blood-vessels  have  their  ingress  and 
egresfl  {Opera  PoHtbwma,  pp.  139-142).  ...  In  the  fat  and 
the  interstices  of  the  muscles,  and  within  the  conglobate  glands 
themselves,  we  frequently  find  little  glands,  not  bigger  than 
vetch-seeds,  and  of  a  red  colour;  these  when  laid  open  are  seen 
to  coatAin  coagulated  blood,  extravasated  from  the  loculL  .  .  . 
With  respect  to  tho  glands  called  renes  succenturiati,  I  hare 
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clearly  made  out  that  they  are  supplied  by  a  beautiful  network 
of  vessels,  and  particularly  with  vast  numbers  of  white  nerves, 
reticularly  interwoven  ;  whence  it  seems  probable  that  a  further 
separation  is  carried  on  by  the  nerves  in  the  cinereous 
substance  of  these  glands,  or  rather  that  this  substance  is  an 
appendage  to  the  excretory  vessels  and  their  extremities ; 
inasmuch  as  it  is  immediately  connected  to  a  broa<I  and 
capacious  duct,  which  passing  lengthways,  opens  externally,  and 
discharges  itself  into  the  emulgent  veins;  while  at  its  other 
extremity  it  gives  off  copious  branches,  whereby  it  receives  the 
humour  separated  by  the  glands  and  tubuH.  This  duct  or 
cavity  is  lined  by  a  fine  membrane,  which  is  studded  with 
innumerable  foramina  of  irregular  figures  ;  whence  it  is  probable 
that  great  numbers  of  cxcretories  open  into  it,  and  that  there  is 
a  passage  from  it  into  the  foramina,  as  we  see  exemplified  in 
the  kidneys.  I  have  often  noticed  an  analogous  structure  in 
certain  glands  situated  in  the  intestine  that  adheres  to  the 
fleshy  stomach  in  hens  and  chickens  {Ibid.,  pp.  144,  145).  .  .  . 
When  the  membranes  of  the  conglobate  glands  are  removed,  or 
what  is  better,  when  a  longitudinal  section  of  the  gland  is  made 
with  the  scalpel,  and  the  part  is  well  macerated  in  water,  we 
meet,  on  a  careful  examination,  with  the  following  pheno- 
xneDon.  In  the  first  place,  transverse  Heshy  fibres  proceed  from 
the  investing  membrane,  but  they  do  not  lie  parallel,  but 
slant  and  cross  each  other;  and  by  their  inosculation,  or  at  any 
rate,  their  interweaving,  they  form  numerous,  and  indeed  almost 
innumerable  reticular  areolte,  generally  roundish*  though  some- 
times angular,  and  of  different  sizes.  In  the  middle  of  each 
areola  there  is  a  glandular  locus  or  follicle,  which  is  either 
round  or  oval ;  and  larger  or  smaller  according  to  the  larger  or 
smaller  quantity  of  substance  which  it  contains.  It  is  composed 
of  a  soft  white  membrane  which  collapses  when  the  humour  is 
evacuated  ;  and  if  it  be  cut  a  cavity  is  seen.  Thc-so  loculi  ure 
very  similar  to  the  glands  of  the  spleen.  But  when  the  glaitds 
are  handled,  the  loculi  are  emptied,  and  become  contracted  and 
indistinct;  and  hence  it  is  not  always  easy  to  sec  them,  and  tor 
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a  long  time,  both  my  mind  and  eyes  were  puzzled  by  this 
circumstance.  At  length,  however,  1  found  what  1  wanted  in 
diseased  oxen,  and  other  animals  of  the  same  kind;  whero 
the  glands  were  sometimes  increased  to  a  haud-breadth,  and 
their  loculi  so  full  of  a  tartareous  substance,  that  a  slight 
examination  was  sufficient  to  show  them.  In  this  obstructed 
gland  the  membrane  of  the  follicles  was  more  solid  and  thick 
than  in  the  normal  state,  and  near  the  glands  were  unusually 
large  varicose  and  reticular  productions  of  blood-vessels,  such  as 
I  have  sometimes  observed  in  the  larger  and  redder  loculi. 
But  in  order  to  see  the  loculi  in  all  the  glands,  the  exterior 
jM)rtion  of  the  latter  must  be  examiued.  for  corresponding 
wellings  are  caused  on  the  outside  by  the  turgid  loculi  within. 
d  when  the  gland  is  laid  open  we  find  rows  of  loculi,  sur- 
rounded by  areola  of  fibres,  under  the  membrane  itself.  The 
follicles  of  the  gland  are  full  of  a  certaiu  cinereous  humour, 
which  is  but  little  transparent  in  the  natural  state;  but  wliuu 
the  animal  is  diseased  they  contain  other  matter,  generally 
tartareous  and  mucous  humouts,  or  concreted  juices.  .  .  . 
After  entering,  the  blood-vessels  form  of  their  larger  branches  a 
network,  and  their  last  twigs  appear  to  terminate  on  the 
loculi  and  pahetes  of  the  areolee  (/&((/.,  pp.  139-141).  .  .  .  Else- 
where we  have  pointed  out  that  nature  makes  use  of  the  same 
method  in  the  composition  of  the  viscera  as  of  the  glands,  and 
that  the  liver,  the  cerebrum  and  the  kidneys,  are  glands:  the 
compages  of  follicles  in  them  appended  to  the  excretory  vessels 
clearly  proves  this  to  be  the  case.  .  .  .  The  glandtdar  nature 
of  the  cerebrum,  made  up' as  it  is  of  membranous  follicles,  is 
forcibly  shown  by  the  remarkable  case  of  a  girl  which  Wepfer 
relates,  where  the  cranium  was  entirely  filled  with  a  congeries 
of  almost  innumei-able  vesicles,  from  which  arose  fibres  that 
passed  towards  the  base  of  the  skull.  In  more  thau  one  instance 
a  large  vesicle  bad  supplied  the  place  of  the  brain  "  {Ibid.,  pp. 
145,  146). 

655.  BoERHAAVK.' — "Some  of  the  glands  are  simple,  others 
>  "  frutitutione*  Mediem,'*  etc,  LcycJen.  I70S,  etc. 
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arc  compound;  the  latter  commouly  cousistiag  of  the  former, 
aggregated  and  enclosed  in  a  common  membrane.  The  simple 
[lymphatic]  glands  discharge  a  peculiar  humour  through  their 
lymphatic  ducts,  either  into  the  chyle  or  the  venous  blood  ;  or 
exhale  it  from  the  exterior  of  the  skin,  or  from  the  surface  of 
the  free  membranes  that  are  found  in  all  parts  of  the  body. 
The  compound  [racemose]  glands,  on  the  other  hand,  discharge 
their  humour  (which  is  prepared  in  every  part  of  the  gland) 
through  little  canals  belonging  to  each  part,  into  a  larger  canal, 
and  through  this  common  excretory  duct  into  the  great  cavities 
of  the  mouth  and  intestines,  or  else  out  of  the  body,  for  parti- 
cular uses.  The  first  kind  are  called  conglobate,  and  the  latter 
conglomerate  glands.  The  simple  glands  are  composed  of  a 
thin  external  membrane,  and  of  an  internal  one  which  closely 
adheres  to  it  The  first,  composed  of  elastic  circular  Bbrcs, 
entirely  surrounds  the  glands,  and  contracts  and  compresses 
them;  it  chietly  consists  of  a  coutexture  lurmud  by  the  small 
vessels  which  enter  into  and  pass  out  of  the  glands.  The 
internal  membrane  is  thick  and  more  dense,  being  formed  of 
fibres  passing  in  all  directions,  and  of  an  interlacement  of 
vessels;  and  serving  almotit  for  the  same  uses  as  the  extenial 
membrane.  These  glands  are  furnished  with  arteries,  tho 
branches  of  which  are  supported  by,  and  distributed  in,  the 
membranes  iu  a  firm  and  regular  order,  and  so  accurately  con- 
veyed to  every  minute  particle  of  the  gland,  that  if  wax  or 
quicksilver  be  injected  into  the  small  arteries,  it  increases  them 
and  compresses  the  other  vessels  to  such  an  extent,  that  wc 
might  thereby  be  led  to  the  false  conclusion  that  the  whole 
fabric  is  arleriul.  They  arc  also  furnished  with  veins,  which  are 
distributed  much  in  the  samu  manner  as  the  arteries.  They 
have  luoro  and  larger  nerves  than  any  other  part  of  the  body  of 
tho  Bainc  magnitude;  and  these  arc  so  divided  in  tho  gland, 
that  they  seem  to  be  pre^sent  in  all  jjarLs  thereof  They  have 
alito  lymphatics,  which  ^o  to,  and  return  from  thcnu  Their 
arteries  arc  tubes — conical,  curved,  bninching,  elastic,  and  con- 
voluted ;  at  the  extreniiUcs,  cylindrical,  no   longer  branching, 
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bat  now  chan^d  into  veins ;  but  before  thej  suffer  this  change, 
the  STnall  arteries  communicate  with  one  another  by  numberless 
AQ&stoinoses,  in  various  positions,  and  at  innumerable  angles ; 
so  that  their  extremities  are  distributed  in  various  ways  iu  tbe 
different  glands.  The  arterial  blood,  thercl'on?,  when  driven 
into  the  glands,  experiences  rapid  motion  ;  strong  resistance 
and  compression,  pressure  of  its  parts  against  each  other ;  oblique 
pressure,  perpetual  change  of  the  points  of  contact;  application 
many  times,  and  in  every  direction,  against  all  the  minutest 
points  of  the  canals,  momently  varying  rotation  in  every 
particle ;  squeezing  together  of  particles ;  onward  and  backward 
movement  in  the  tubes,  attenuation,  attrition,  preservation  of 
fluidity,  solidity,  polish,  secretion,  and  thorough  mixture.  Now 
as  the  branches  which  arise  from  an  artery  are  generally 
narrower  than  the  trunk  from  which  they  rise,  so  in  these 
minute  vessels  the  last  branches  are  less  than  the  last  trunk. 
The  last  trunks  convey  the  red,  thick  part  of  the  blood,  ami 
pour  it  into  the  beginnings  of  the  veins ;  the  narrower  branches 
receive  the  finer,  more  Huid,  and  pellucid  parts,  which  arc  less 
in  diameter  than  themselves,  and  which  have  boon  iirossed  by  a 
strong,  oblique,  opposite  force.  But  this  thin  humour,  thus 
separated  from  the  grosser  part,  is  no  longer  blood,  but  another 
fluid,  and  that,  too,  various, — as  sweat,  perspiration,  matter  in 
the  pores,  tears,  fatty  wax,  cerumen,  mucus,  saliva,  sputum, 
linixnentum,  lymph,  serum,  bile,  semen,  oil,  milk,  fat,  etc. 
Therefore  the  last  branches,  ceasing  to  be  named  arteries,  are 
differently  called,  according  to  the  nature  of  the  humours  they 
carry  ;  and  as  they  often  again  put  on  all  the  properties  of 
arteries,  thev  must  have  also  their  smaller  branches  and  their 
veins;  hence  the  arteries  and  veins  are  as  much  vehicles  of  serum, 
lymph,  water  and  spirit,  as  of  blood  ;  nor  do  we  know  where 
these  vessels  terminate,  but  hence,  at  least,  we  see  the  origin, 
progress,  termination  and  office  of  the  lymphatics,  which  not 
only  consist  of  veins,  furnished  with  valves,  and  which,  by  reason 
of  their  thinness  and  transparency,  are  invisible.  This  we  learn 
by  tlie  artificial  means  invented  by  Ruysch.     Yet  the  brandicit, 
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perhaps,  of  every  such  artery,  now  no  longer  branching,  but 
straight,  and  distributed  in  the  delicate  little  membrane  of  the 
finest  glandular  follicle,  discharge  their  humour  by  open  mouths 
into  the  common  cavity  formed  by  that  membrane,  where,  being 
collected  from  all  quarters,  it,  in  a  manner,  stops,  and  consti- 
tutes the  glandular  lymph  there  prepared  and  reposited.  It  is 
by  no  means  improbable  that  the  ner^'es  of  the  glands  also 
discharge  the  spirits  into  them  by  a  similar  apparatus,  mixing 
the  spirits  with  this  lymph,  and  thus  supplying  it  with  the 
requisite  qualities.  And  thn  lymphatic  arteries  frequently 
bring  their  lymph,  discharged  into  their  valvular  veins — a 
lymph  which  we  call  vascular — to  those  glands,  and  after  a 
diifcrent  manner  pour  it  into  the  same  follicle,  and,  mixing  it 
with  the  spirits  and  the  glandular  lymph,  they  subtilise  it 
afresh.  When  the  abdomen  of  a  healthy,  living  animal  is 
opened,  the  lymph  tends  rapidly  from  all  parts  thtueof  towards 
the  receptaculum  chyli;  and  even  after  death,  when  the  lym- 
phatics are  wounded,  it  tends  to  pass  out  of  them,  a  contraction 
of  the  body  taking  place  from  the  cold  of  death.  Then  this 
compound  liquid,  passing  out  through  the  lymphatic  veins,  is 
driven  by  the  contractile  power  of  the  fibrous  membrane  by  the 
motion  of  the  artery  and  the  pressure  of  the  muscles  into  other 
glands  there  to  undergo  the  same  alterations,  and  thence  into 
tho  receptaculum  chyli,  the  thoracic  duct,  or  the  sanguiferous 
veins.  And  these  seem  indeed  to  bo  the  universal  conglobate 
glands  of  the  body. 

656.  **  But  in  other  glands  the  case  is  different,  for  the  follicle 
directly  expels  the  liquid  it  receives  by  its  emissary  vessel  into 
a  common  cavity,  as  into  the  frontal  sinuses,  the  osseous  cavities 
of  the  superior  maxilla,  tho  cells  of  the  sphenoid  bone  under 
the  sella  turcica,  the  recesses  of  tho  spongy  bones,  the  cavities 
of  the  nares,  the  lacume  of  the  tonsils,  where  the  mucus  secreted 
is  deposited,  collected  and  altered.  This  is  tho  case  with  the 
nnicous  glands  of  the  rnouth,  of  the  posterior  part  of  the  tongue^ 
of  the  exterior  and  interior  of  the  epiglottis,  of  the  intermd 
DATCd,  of  the  meatus  aiiris,  uf  the  fauces,  tho  laiviix,  llie  trachea, 


THE  STRUCTURE  OF  GLANDS. 


237 


the  bronchia,  the  oesophogiis,  the  stomach  and  the  intestines, 
which  glands  may  be  culled  simple  excretory  glands.  Others 
again,  in  the  same  way,  discharge  the  humours  they  have 
prepared  to  the  external  surface  of  the  body  through  peculiar 
emissary  ducts  arising  from  a  cavity,  as  in  the  meatus  audi- 
torius,  the  piouse  nasi,  the  exterior  of  the  nose,  the  beginning 
of  the  internal  nares.  in  the  face,  the  ueck,  the  axilhe,  the 
scapula*,  in  the  areolae  of  the  mammae,  the  areola  of  the  umbi- 
licus, in  the  nates,  thu  pcrina-uui,  the  pubos,  the  mens  pubis  in 
both  sexes,  in  the  scrotum,  the  integuments  of  the  penis,  in 
the  labia  vaginae  and  the  knees,  the  glands  of  which  are  now 
styled  sebaceous  glands  (nos.  2-H-252).  .  .  .  But  the  simple 
gluuds  already  described,  or  others  similar  to  them,  when  united 
together  by  common  vessels,  and  connected  and  enveloped  by 
A  common  membrane,  generate  certain  compound,  or,  as  they 
are  called,  conglomerate  [or  racemose]  glands.  These  have 
Uiiually  one  common  excretory*  duct,  which  receives  the  humour 
sent  into  it  by  emissary  ducts  from  all  parts  of  the  glaud,  and, 
collecting  it,  pours  it  into  some  larger  cavity.  The  glandula 
innominata  of  the  eye,  the  parotid  gland,  the  pancreas,  etc.,  art; 
glands  of  this  description.  Moreover,  the  excretory  duct  of  the 
common  recoptacio  just  mentioned — (1)  oflea  changes  into  a 
Icind  of  arterial,  sinous  vessel  which  alters  the  humours,  and 
then,  by  its  arterial  apparatus,  discharges  them  into  some  opou 
channel,  as  in  the  testis,  the  ductus  Highmorianus.  the  epidi- 
dymis, the  vas  deferens,  and  the  vesiculae  semiualcs;  or  (2) 
discharges  the  humours  direct  into  some  common  emunctory. 
Hi-nee  we  know,  with  certainty,  that  water,  lymph,  thin  serum, 
ai]d  sales,  spirits  and  the  most  subtle  parts  of  oils  mingled 
therewith,  are  separated  by  means  of  the  glands  from  the 
arterial  blo<xl,  nn*!  that  all  these  are  either  collected,  altered 
and  accumtilated  in  certain  places,  or  else  driven  through  the 
small  vessels  into  the  minutest  parts  of  the  body,  there  to  serve 
for  motion  or  nourishment,  whence  they  either  return  through 
th<'  proper  vessels  to  the  heart,  or  else  are  exhaled,  and,  lastly. 
that  the  part  of  the  blood  which  remains  in  the  arteries  after 
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this  process  is  concluded  passes  by  degrees  into  the  larger  veins 
to  be  mixed  with  similar  blood,  diluted  with  lymph,  and 
returned  to  the  heart  (nos.  257,  259).  .  .  .  Other  glands  again 
seem  to  be  of  a  dififerent  structura  In  these,  the  artery,  which 
conveys  the  humours,  communicates  the  grosser  blood  to  its 
accompanying  vein  through  anastomoses  between  it  and  the 
vein,  and  then,  proceeding  alone,  and  wreathing  and  gyrating, 
discharges  from  its  extremity,  into  some  common  receptacle,  a 
peculiar  humour  prepared  from  the  blood,  though  differing  from 
it  in  nature.  If  we  consider  the  stomach  as  a  glandular  cavity, 
the  small  intestines  as  a  continual  excretory  duct,  further 
altering,  refining,  secerning  and  mingling  their  contents,  and 
the  large  intestines  as  also  an  excretory  duct,  and  if  we  apply 
the  same  to  the  testis,  the  epididymis,  the  vas  deferens,  the 
vesiculse  seminales,  the  urethra  and  the  prostate  gland,  we  shall 
not  perhaps  be  supposed  to  question  that  similar  operations 
may  go  on  in  even  the  minutest  parts  of  the  glands.  Who 
shall  say  what  is  accomplished  by  the  elaborate  structure  of  the 
cortex  cerebri,  cerebelli  and  medullsB  spinalis  in  their  invisible 
initiaments  ?"  (no.  262).  See  also  Sylvius,  Steno,  Wharton, 
Qraaf,  Bellini,  Borelli,  Peyer,  Leal,  Cowper,  Ruysch,  Heister, 
eta 
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657.  It  is  not  my  intention  to  treat  upon  the  organization 
of  the  j^lands  of  the  body,  the  methodof  their  operation  and  their 
uses;  for  this  work  far  exceeds  my  powers.  Whoever  attempts 
this  will  scarcely  go  beyond  the  threshold ;  and  everywhere 
he  will  tind  the  door  closed  to  the  larger  halls,  and  still  luore 
to  those  hidden  recesses  where  nature  is  sitting  at  her  hearth- 
fires,  and  near  her  chymical  apparatuses.  And  if  perchance  he 
should  be  allowed  to  take  a  glance  into  the  interiors,  it  will 
appear  to  him  like  an  abyss,  in  which  the  rays  of  his  intellectual 
vision  are  not  terminated  but  extinguished.  If,  however,  I  st(i]> 
short  in  the  threshold,  I  may  perhaps  lay  dowu  a  few  thiugs. 
which  may  serve  as  a  guiding  torch  in  the  hands  of  those  who 
are  willing  to  pursue  their  iuvestigations  further. 

658.  (1)  The  blood  is  the  storehouse,  complex  and  seminary, 
of  all  things  in  its  bodily  microcosm  ;  for  the  blood-globule  con- 
tains, besides  the  spirit  which  inhabits  it,  the  ^rst  elements,  the 
leasts,  and  the  determinate  unities,  from  which  the  fluid  as  well 
as  the  solid  parts  of  the  whole  kingdom  of  the  body  may  be 
compounded,  and  so  subordinated  and  co-ordinated,  as  to  be 
able  to  be  resolved  again  into  their  component  units;  in  such 
a  manner,  indeed,  that  the  blood-globule,  by  dint  of  a  hidden^ 
chomical  art.  is  able  to  produce  whatever  is  capable  of  existing 
from  the  (irst  things  or  principles.  Hence  an  iutinite  variety 
of  fluids  and  solids  arises  from  one  single  source,  namely,  the 
blood.  In  the  very  nature  of  things,  therefore,  there  is  no  com- 
pound more  fertile,  more  perfect  and  more  simple  than  the 
blood,  because  it  comprehends  mere  &iia[»les. 
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659.  (2)  The  blood,  therefore,  above  all  other  fluids  in  the 
body,  miist  be  furnished  by  the  cerebrum,  cerebellum,  the 
medulla  oblongata  and  spinal  cord,  with  its  spirit,  which  is  its 
chiefest  essence  and  life;  and  likewise  with  saline  principles 
which  arc  either  individually  by  themselves,  or  in  a  combined 
form ;  or.  again,  which  are  either  simple  or  compound.  By  these 
principles  the  spirit  is  to  be  invested  and  compressed  into  little 
globules,  and,  indeed,  through  the  common  way  of  natural 
food,  aud  also  by  special  other  ways  which  escape  ocular  vision. 
On  this  account  the  lymph  which,  when  impregnated  by  various 
salts  is  called  serum,  goes  to  meet  the  blood;  atid  thanks  to 
this  lymph  as  a  means  of  conveyance — each  blood-globule 
about  to  be  born  is  furnished  with  this  medium  of  conjunction 
and  this  nourishment  or  food. 

660.  (3)  The  genuine  blood  during  every  round  of  circulation 
is  resolved  into  its  constituent  elements,  and  from  these  elements 
andotbers  recently  acquired  is  again  recompouudcd :  the^ocrebruni 
and  cerebellum  being  especially  clamourous  for  their  spirit  which 
they,  together  with  that  which  has  been  newly  created,  commit 
to  the  fibres,  while  the  rest,  together  with  a  more  refined  lymph, 
they  send  off  between  the  fibres,  and  also  between  the  smaller 
fascicles  of  fibres ;  so  that  the  entire  blood-globule,  after  having 
been  resolved  in  the  brain  into  its  constituent  elements,  returns 
into  the  body  by  distinct  paths  through  the  nerves.  After 
these  parts  have  again  been  collected  in  vessels  and  glands,  tbey 
are  introduced  afresh  into  the  blood  which  is  about  to  be  reborn, 
while  that  portion  of  it  which  has  accomplished  its  use.  and  is 
unfit  for  any  other  purpose,  is  excreted  and  exterminated. 

661.  It  is,  however,  especially  cared  and  [provided  against, 
lest  any  of  the  noble  essence  of  life  or  of  the  spirit  shall  escape, 
transpire  or  perish ;  on  the  contrary,  infinite  care  is  taken  so 
that  after  it  has  once  been  set  free  from  the  blood  or  any  other 
juice  it  shall  again  fiow  back  to  its  fouiUain-head,  and  perform 
its  appointed  uses.  This  is  the  cause  of  the  creeping  forth  of 
innumerable  lymphatic  vessels,  turgid  with  a  most  refined 
moisture,  which  carries  the  enclosed  spirit;  theuce  comes  tho 


AA'AL  YSIS, 


24T 


cortointy  with  which  they  pass  both  mediately  and  immediatoly 
from  evory  viscua  into  glands,  into  the  thoracic  duct,  or  into 
vcinR.  Thence  also  is  the  circulation  of  humours  of  every  kind 
which  partake  of  life  in  proportion  as  they  derive  anything  from 
this  spirit  The  very  fibre,  also,  upon  being  but  lightly  touched 
with  a  sting,  couti-acts,  and  closes  up  its  delicate  approaches,  as 
though  it  were  conscious  of  the  precious  burthen  which  it  bears. 
Lest  this  lymph,  enriched  by  such  an  abundant  supply  of  spirit, 
should  wholly  expend  itself,  and  become  drowned  in  the  fluids 
proper  to  each  viscus  (for  they  all  have  each  appointed  to  them 
their  own  peculiar  humours) ;  lest  therefore  this  lymph  should 
be  absorbed  by  the  greedy  stomach,  the  oesophagus,  the  in- 
testines, the  pancreas,  the  liver,  the  womb,  the  testes,  the  prostate 
glands,  and  by  the  remaining  organs,  conglobate  or  lymphatic 
glands,  so  called,  are  strewed  over  them,  which,  being  stirred 
into  alternate  motions,  may  not  only  sumniou  the  meandering 
streams  of  this  lymph,  and  claim  and  assert  for  the  blood  its 
due,  but  which  may  also  provide  against  the  viscera  consuming 
more  of  it  than  is  just,  and  reipiired  by  their  necessity  and  use. 
On  this  account  also  the  lymphatic  glands  pour  over  the  organs 
a  similar  lymph  which  they  express  from  the  arterial  vessel  and 
the  tibrc  which  terminates  in  it.  Such  also  is  the  use  of  that 
large  gland,  called  the  spleen.  In  this  manner  the  blood,  the 
chyle,  the  milk,  the  bile,  the  saliva,  and  the  semen  have  each 
granted  to  them  what  they  require. 

662.  The  conglomerate  or  racemose  glands  ai'c  so  constituted 
that  they  do  not  select,  separate,  sil^,  commingle  and  excrete 
m  the  blooti  and  its  serum  any  other  parts  than  such,  as  from 
prcKBStablished  end  of  nature,  agree  with  the  juice  and 
menstmum  which  is  to  be  elaborated:  wherefore  the  structure 
of  each  of  these  glands  is  various,  and  must  be  specially  and 
individually  examined  and  investigated.  The  following  general 
statement  only  occurs  to  us  now,  namely,  that  every  one  of 
these  glands  claims  to  itself  and  appropriates  from  the  universal 
store  so  much  blood  and  of  such  a  quality,  as  is  demanded  by 
ItA  own  necessity  and   use.      The  cerebrum   and   cerebelluui 
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claim  and  abstriict  tlioucu  a  large  share,  and  indeed  of  a  bettor 
quality  ;  the  liver  attracts  only  what  ia  effete,  gross,  black,  and 
hard ;  the  kidneys  make  a  requisition  for  urinous,  saline  and 
aude  serum.  The  testes  and  tiie  genital  organs  demand  a 
prolific  and  nutritive  blood,  teeming  with  spirit,  untouched  by 
the  neighbouring  kidneys,  and  refined  from  impurities ;  and  thus 
each  of  the  remaining  viscera  craves  its  owb  peculiar  supply. 
Upon  the  cessation  of  the  use,  however,  the  effect  also  is  at  an 
end.  A  moderate  use  arranges  the  tributary  streams  in  due 
order ;  an  immoderate  use  causes  confusion  in  and  among  them, 
and  too  scanty  a  use  clogs  them  up ;  which  is  proved  by  the 
sucking  of  milk,  by  the  incitements  of  various  lusts  whertby  they 
are  either  rela:ted  or  restrained,  by  the  stimulation  of  the  bile, 
by  the  retention  of  the  chyle  through  fasting,  aud  other  habits 
which  become  constitutional,  as  it  were,  or  natural.  It  hence 
follows  that  as  the  glands  invite  only  such  blood,  serum,  or 
lymph  as  agrees  with  their  own  character,  the  blood  in  every 
artery  and  vein,  and  in  each  of  their  branches,  is  different  and 
distinct. 

C03.  But  let  us  pass  to  a  comparison  of  the  cercbnim  and  its 
funciions  with  the  glands  of  the  body,  where,  as  in  types,  aa 
eflSgy  of  the  former  may  be  discovered.*  [The  CKUEBRUM  is 
proximately  covered  and  surrounded  by  two  membranes — the 
arachnoid,  a  thin  membrane,^  and  the  pia  mater,  which  is  some- 
what thicker;  the  (jlatuis  of  the  body  likewise  are  covered  by  a 
tliin  common  membrane,  and  by  a  thicker  one  underneath  it. 
The  CEREBUUM  has  its  peculiar  artery — the  internal  carotid — 
which  enters  it  by  two  trunks;  the  gJamh  of  ike  body  likewise 
have  for  the  most  part  two  arterial  branches  aud  two  venous 
ones.  The  ABTERT  OF  THE  CEREDRUM,  dividing  into  twicrs. 
winds  and  branches  between  the  two  membranes,  and  pene* 
trating  their  folds,  is  dispersed  about,  and  RimiScs  through  tUo 


*  The  portion  in  bmckcta  is  BUpplieJ  from  '*  Jlr.\jMuiii  AnimoU  ;"  Pwt  I., 
no.  100.  wfaurc  the  eubject  undiir  rlucii«aioo  ecems  tu  bt>  more  prcuUi*ly  muI 
otioumtoly  stated.  — Kmtoh. 

*  CoacoriLiajj  tiio  orachuuiii  mernlir&nr,  »ee  Vul.  L,  p.  423,  — Editob. 
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recesses  of  the  viscus ;  the  arterial  branches  of  tlie  tjlaiuls,  and 
their  twigs  likewise,  are  entirely  expended  in  forming  the  body 
of  the  glands.  Indeed,  the  ARTERY  OF  THE  cerebrum,  dividing 
at  last  into  the  minutest  threads,  entei's  the  very  cortical  glands 
or  spherules,  grows  to  them,  weaves  their  substxinces,  and  seems 
to  vanish  or  terminate  there  in  extreme  tenuity.  The  arteries 
of  all  the  glands  of  ilie  body  likewise  are  entirely  expended, 
and  in  a  manner  consumed  in  their  minute  conglomerate  or 
miliary  seeds  or  corpuscles.]  The  cerebrum  is  formed  of  an 
infinite  number  of  little  glands,  or  the  beginnings  of  glands 
which  are  called  cortical,  and  which  occupy  partly  its  circum- 
ference, and  partly  its  interior  substance  ;  thence  arise  unequal 
eminences,  protuberances  and  convolutions;  the  same  is  the 
case  with  Uie  glands  of  the  body.  The  cortical  glands  or 
THE  CEREBRUM,  from  the  last  twigs  of  their  arteries,  extract  a 
certain  purest  and  spirituous  essence,  which  thoy  increase  by  a 
new  essence  elaborated  in  their  own  bosoms.  The  case  is  the 
same  with  the  glands  of  the  body  which,  out  of  the  contents  of 
the  arteries  and  the  6bres,  by  various  modes  of  filtration,  echo- 
bation  and  commixture,  elaborate  a  new  juice  unlike  the  former 
which  they  send  abroad  The  CORTICAL  glands,  like  so  many 
Kttle  hearts,  represent  as  many  active  forces,  and  they  excite 
their  aggregate  organ,  that  is,  their  cerebrum  into  alternate 
sptaltic  and  diastultic  motions,  exactly  iu  the  same  way  in 
which  the  mototy  fibres  stimulate  the  glands  of  Uie  body.  The 
CORTICAL  OLAXDS  OF  THE  CEREBRUM  put  forth  many  fibres, 
which,  when  collected  into  fasciculi,  make  up  its  medullary 
globe;  these  fibres,  however,  are  primitive,  and  generate  all  the 
rest,  wherefore  they  must  be  calle<l  fibres  par  eocceilenct.  The 
same  is  the  case  with  iiie  glands  of  ilie  body,  for  their  primitive 
and  more  simple  glandules,  or  glandular  forms,  likewise  put 
forth  fibres,  which  compose  the  body  of  the  glands,  and  consti- 
tute a  kind  of  a  medullary  part ;  these  fibres,  however,  in  our 
following  pages  wo  shall  call  corporeal  fibres.  The  fibres  of 
THE  cerebrum  are  most  attenuated  little  tubes,  pennous  to 
the  animal   spirit;  the  Jihres  of  all  tlie  glands  of  the  body. 
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which  are  originally  derived  from  the  cerebrum  or  cerebellum, 
are  likewise  pervious  to  those  juices  which  the  lesser  glandules, 
as  80  many  fountain -heads,  pour  forth,  send  out  abroad,  and 
with  which  they  are  teeming.  The  CKREBRrM  hero  and  there 
gives  rise  to  larger  and  sraaller  cavities  which  arc  called  its 
ventricles;  ike  glands  of  Uie  body  also  have  their  follicles  of 
which  one  is  usually  general  or  common,  while  the  remaining 
loculi  receive  the  humour  as  it  trickles  down  through  the  fibrt?s. 
The  VENTRICLES  OF  THE  CEREBRUM  are  furnished  with  foramina 
by  which  they  intercommunicate;  such  also  is  the  case  with 
the  follicles  and  loculi  of  every  gland  of  fJie  body.  The  CEKB- 
BRDM  introduces  not  only  fibi*es,  but  also  sanguiferous  vessels 
into  the  larger  ventricles,  and  forms  there  the  so-called  choroid 
plexuses;  the  glands  of  th^  body  also  weave  similar  plexuses 
and  retiform  areolte  from  the  shoots  of  vessels  which  are  inter- 
woven in  their  follicles,  and  they  join  them  into  one  texture; 
the  networks  even  seem  to  cross  transversely'  and  horizontally, 
as  in  the  cerebellum.  From  the  ventricles  of  the  CEREBRUM  a 
canal  or  tube,  its  infundibulum,  is  put  forth,  which  terminates 
in  a  slender  process ;  from  the  cavities  and  follicles  of  the  glands 
of  the  boily  a  similar  emissary  duct  is  sent  out,  which  extends 
outside  their  bodies.  The  cerebrum  introduces  and  inserts 
the  final  appendage  of  its  tube  or  infundibulum,  its  process  or 
beak,  into  a  certain  subjacent  gland,  called  commonly  the 
pituitary  gland,  and  there  it  ramifies  in  every  direction  its 
emissary  fibres,  and  dispenses  wisely  through  its  outlets  the 
liquids  which  have  been  conveyed  thither;  just  as  is  the  case 
in  the  boily  mth  those  glands  u'AiWt  are  called  conglobate  or 
lymphaiie,  for  by  these  not  only  the  fibres,  but  also  the  lym- 
phatic vessels  which  they  receive,  are  arranged  into  forms ;  they 
receive  both  in  their  little  bodies  and  pour  forth  their  essences 
as  required  ;  for  they  receive  animal  spirit  from  the  fibre,  lymph 
from  the  interstices  between  the  fibres,  and  also  another  more 
sluggish  lymph  in  association  with  the  serum  of  the  blood,  just 
as  is  the  case  with  the  pituitary  gland  of  the  cerebrum.  The 
pituitary  gland  diachargea  the  refined  spirits  which  arc  sent 
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down  from  the  cerebrum,  and  despatches  them  bj  distinct  ways 
into  the  nearest  veins,  into  the  sinuses  which  press  against  it, 
and  also  by  channels  which  are  hidden  from  view ;  in  the  same 
way  the  conijlobaU  or  lymphatic  glands  of  tlie  body  despatch 
their  liquids  into  the  lymphatic  vessels  which  burst  out  thence, 
and  likewise  into  the  veins  which  immediately  depart  thence,  and 
finally  through  pores  which  have  not  yet  been  discovered  The 
CEREBRUM,  by  means  of  iU  pituitary  gland,  empties  the  various 
orders  of  its  fluids  into  a  certain  general  receptacle,  namely, 
into  the  two  lateral  sinuses,  and  thence  into  the  jugular  veins, 
and  lastly,  into  the  subjacent  left  subclavian  vein;  in  a  like 
manner  the  lympluitic  glands  of  the  body  send  their  tluida 
away  towards  the  receptaculura  chyli,  and  into  the  common 
thoracic  duct,  so  as  to  enter  likewise  into  the  same  leil  sub- 
clavian vein ;  they  thus  go  to  meet  the  most  refined  lymphs  of 
the  cerebrum  which  convey  the  spirit  of  life,  and  hence  the 
liquids  of  both  sides  salute  one  another  in  the  same  goal  with 
open  lips,  as  it  were,  and  with  embraces,  and,  on  lo<:)king  back- 
wards, they  each  acknowledge  their  origins  from  little  glands. 

064.  The  cerebrum  is  therefore  a  conglomerate  gland  which 
secretes  and  excretes  into  a  smaller  conglobate  or  lymphatic 
gland,  the  pituitary  gland,  the  essences  which  it  has  elaborated, 
as  is  even  the  case  here  and  there  in  the  body.  The  cerebrum, 
however,  is  a  model  of  all  the  glands,  and  its  pituitary  gland  is 
a  model  of  the  conglobate  or  lymphatic  glands,  wherefore  it  also 
deserves  the  name  of  arch-gland.  For  the  cerebrum  derives  all 
principles  out  of  itself,  and  its  very  spirit  also  it  does  not  con- 
ceive and  procreate  out  of  a  pre-existing  spirit ;  the  fibres, 
likewise,  it  puts  forth  out  of  itself  as  its  own.  The  glands  of  the 
body,  however,  are  formed  of  the  6bres  of  the  cerebrum  and 
cerebellum,  and  the  juice  which  they  extract  from  the  bloud 
they  imbue  with  the  spirit  of  the  cerebnim,  and  thus  revive  and 
refine  it.  That  the  cerebellum  itself  also,  in  a  certain  measure, 
bears  a  similarity  to  a  conglobate,  that  is,  a  lymphatic  gland, 
will  be  pointed  out  in  what  follows. 

(The  fibres,  of  which  the  organical   tissues  are  formed,  are 
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fourfold,  according  to  their  origin,  nature  and  use :  they  are  thus 
of  a  fourfold  order.  The  first  is  the  fibre  of  the  cerebrum,  which 
in  the  body  becomes  the  nervous  fibre ;  the  second  is  the 
artery  and  the  vein  of  the  body ;  firom  these  two  is  bom  the 
third  or  motoiy  fibre ;  the  fourth  is  the  fibre  which  is  bom  of 
the  least  glands,  and  which  is  called  a  duct,  a  filament,  or  a 
thread.  The  gland  is  composed  of  the  fibre  of  the  brain,  a  vas- 
culum  or  little  vessel,  and  the  motory  fibre.  The  simple  glands 
produce  the  fourth  fibra  Thus  the  conglobate  or  lymphatic 
glands,  though  formed  of  vessels  and  fibres,  are  still  glands ; 
and  indeed  glands  in  a  more  eminent  degree  than  the  con- 
glomerate or  racemose  glands ;  for  they  are  as  many  little 
laboratories  which  prepare  the  vital  essences,  and  humours  of 
various  kinds.  Size  and  dimension  do  not  alter  the  case,  nor  is 
it  altered  if  the  gland  sometimes  changes  its  name.  The 
smaller  gland  is  a  gland  in  a  more  eminent  degree  than  the 
large  one ;  but  whatever  is  more  eminent  is  not  called  thus, 
except  by  way  of  eminence.) 


CC5.  All  the  gyres  and  sulci  of  the  cerebellum  are  surrounded 
with  a  general,  elastic  and  cellular  membrane  [the  arachnoid 
membrane],  uniting  together  the  duplicature  of  the  fiubjacent 
pia  mater.  If  this  membrane  be  raised  from  the  one  underneath 
by  the  use  of  the  blow-pipe,  there  appear  in  great  beauty  and 
exact  order  the  discriminations  formed  betwceu  the  gyres.  Ac 
the  same  time,  little  arteries  are  exposed  to  view  which  hasten 
away,  and  which,  following  the  course  of  tho  interjacent  pia 
mater,  conceal  within  it  their  capillary  heads  and  extremities, 
and  at  other  times  dip  down  into  out-of-the-way  clefts  and 
folds;  and  at  last,  they  transmit  their  wearied  blood,  bereft  of 
its  spirit,  in  a  transverse,  oblique  and  parallel  direction,  into 
larger  vessels,  and  thence  into  general  sinuses.  The  pia  mater 
itself,  with  the  blood  accompanying  it,  lets  itself  down,  generally 
in  a  falciform  manner,  in  one  place  to  a  small  depth,  in  another 
to  a  middle  distance,  and  in  another  to  a  still  greater  depth. 
This  is  exhibited  plainly  to  the  sight,  when  tho  upper  portion 
of  the  cerebellum  is  bisected  horizontally,  as  tar  as  the  vermi- 
form processes  [median  lobes]  :  the  very  duplicatures  which  dip 
down  are  then  exposed  to  view,  and  it  becomes  manifest  how 
in  one  place  they  unfold  and  expatiate  in  the  form  of  umall 
interstices,  while  in  another  they  are  more  intricate  and  con- 
stricted, and  so  closely  brought  together,  that  the  very  junctures 
as  it  wero  disappear.  The  duplicatures  or  interstices,  according 
M  they  are  dissected  more  obliquely  or  transversely,  or  more  or 
lesa  vertically,  appear  cleft  asunder  to  a  greater  or  lesser  dis- 
tance, and  in  the  plates  are  marked  with  shady  linea    These 


348 


THE  CEREBELLUM. 


duplicatures,  again,  in  the  interior  recesses  of  the  cerebellum, 
branch  oflF  laterally  or  obliquely  into  smaller  folds,  and  temii- 
nate  only  where  the  eye  begins  to  lose  the  power  of  further 
tracing  them,  or  where  the  use  of  optical  instruments  fails. 
Thus  it  is  that  the  attenuation  and  expansion  of  the  pia  mater 
and  blood-vessel,  insinuating  itself  into  the  most  recondite 
recesses,  proceeds  to  an  unassignable  extent,  so  that  it  must  bo 
considered  as  a  compagea  having  throughout,  from  the  surface 
to  the  innermost  recesses,  connection  and  continuity,  forming 
such  a  wicker  tissue  as  to  present  a  labyrinthine,  and  to  the 
anatomist,  completely  inextricable  knot,  unless  nature,  while 
living  in  this  her  intricate  abode,  teaches  him  how  to  unravel 
her  tissue  in  the  same  order  in  which  she  herself  composed  it 
Wherever  the  pia  mater,  with  its  sanguineous  vessels,  penetrates 
into  recesses  either  visible  or  impervious  to  view,  there  also  it 
is  accompanied  by  the  perfectly  mobile,  cortical  or  grey  sub- 
stance which  is  attached  to  it ;  so  that  whatever  may  be  the 
implication,  configuration  and  order  of  the  foliated  pia  mater, 
the  same  order  or  form  belongs  also  to  the  cortical  substance, 
From  this  subBtance,  again,  as  from  a  parent,  is  derived 
everywhere  the  white  medullary  substance,  which,  procreated 
from  the  former,  occupies  the  interior  of  the  cerebellum.  If, 
therefore,  its  compages  be  dissected  through  the  middle  down 
to  the  fourth  ventricle,  the  form  of  a  small  tree,  called  by  some 
ar6ar  vi^ce.  makes  its  appearance.  And  if  the  dissection  be 
made  obliquely  in  the  direction  of  the  vermiform  process,  or  if 
the  organ  be  removed  by  ablation,  it  displays  similar  boughs  or 
branches.  In  this  case,  the  medulla,  which  is  hiddon  away  in 
the  interiors,  is  laid  more  open  to  view,  because  the  trunks 
inosculate  with  the  branches  farther  in.  The  aspect  of  the 
arboreal  formation  therefore  changes,  as  the  dissecting  knife, 
whereby  the  cerebellum  is  laid  open,  is  held  in  a  more  or  less 
oblique  direction.  Three  considerable  medullary  stems  become 
visible  [in  a  s<:^tion  made  through  the  vermiform  process],  which 
inosculate  into  the  tnink  just  as  it  passes  into  the  cerebellar 
peduncles  or  crura.     The  highest  with  its  branches  is  simple. 
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The  middle  arises  of  two  stems  to  which  other  branches  belong 
which  are  inosculated  in  a  like  manner.  The  lowest  stem  in  a 
like  manner  grows  out  of  two  stalks  near  the  "centrum 
medullare,"  and  is  luxuriously  furnished  with  a  number  of  con- 
spicuous branches ;  so  that  there  are  as  many  arborescent 
trunks  as  there  are  processes  or  pcduucles,  besides  innumerable 
smaller  trunks  which  are  implanted  in  the  larger  in  regular 
order.  If  a  horizontal  section  be  made,  the  arboreal  appearance 
is  destroyed^  and  that  of  variegated  marble  is  assumed.  Little 
diverticula  of  blood  also  come  into  sight,  scattered  like  stars  in 
all  directions,  and  red  in  hue.  If  the  knife  be  passed  farther 
into  the  substance,  and  if  the  little  nests  of  cortex  and  pia 
mater  are  dug  out  on  either  side,  then  a  spacious  medulla  is 
exposed  to  view,  without  any  intervening  striae  of  grey  substance 
[with  the  exception  of  the  corpus  dci»tatum].  The  medullary 
trunk  itself  keeps  near  the  medulla  oblongata,  buries  itself,  as 
it  were,  in  its  own  soil,  and,  by  making  an  arched  bent,  leaves 
a  hollow  almost  over  the  middle  of  the  fourth  ventricle; 
for  where  the  trunk  is  about  to  enter  the  medulla  oblongata, 
it  unites  in  one  the  mcduUai  of  the  stems,  branches  and 
twigs.  It  then  separates,  as  it  were,  into  roots  or  processes, 
from  which  it  sends  a  larger  one  towards  the  tract  of  the 
corpora  quadrigemina;  another  it  d(.*spatches  in  an  opjjosite 
direction  into  the  pons  Varolii,  and  when  it  approaches  this 
organ,  after  leaving  its  arborescent  source,  it  arranges  its  fibres 
for  use  in  the  most  beautiful  order,  and  intertwines  them  with 
those  which  come  from  the  cerebrum  ;  so  that  the  ramification 
of  all  thii  proceitses  or  peduncles  is  equally  charming  to  the 
sight  as  the  arborcscence  in  the  interior  of  the  cerebellum.  A 
third  peduncle  it  sends  from  the  same  cerebellar  forest  towards 
the  spinal  cord.  Thus  the  cerebellum  envelopes  the  medulla 
oblongata  on  both  sides  with  its  peduncles,  and  engirds  it  there- 
with in  a  wonderful  manner.  But  the  utmost  skill  is  requisite 
on  the  part  of  the  anatomist,  to  find  the  direction  whither  the 
peduncles  incline,  and  to  tell  by  what  process  of  involution 
choir  fibres  dip  into  those  which,  starting  from  the  cerebrum. 
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pursue  their  way  into  the  spinal  cord;  and  further,  what 
particular  fibres  of  the  cerebnim  are  brought  into  contact  with 
these  cerebellar  processes,  and  in  what  mauuor.  Meanwhile,  if 
the  medullary  trunk  of  the  cerebellum  be  laid  open  in  such  a 
manner  that  its  branches  are  folded  back  towards  the  edges  of 
the  organ,  a  medullary  space  is  brought  into  view,  with 
rhomboidul  nets  passing  through  it,  which  by  Vieussens  la 
called  the  "centrum  medullare"  of  the  hemispheres  of  the 
cerebellum;  also  a  lesser  tract  which  passes  around  the  fourth 
ventricle,  and  is  called  the  "centrum  semi-circulare." 

6GC.  As  the  cerebrum  is  divided  by  a  membranous  septum 
derived  from  the  dura  mater  into  two  hemispheres,  so  also  is 
the  cerebellum.  The  before-mentioned  mater,  by  making  au 
iuHectiou,  thus  enters  into  it  slightly,  distiugiiishing  its  right 
portion  from  the  left.  The  upper  part  of  the  cerebellum,  which 
lies  immediately  under  the  posterior  lobes  of  the  cerebrum,  is 
in  consequence  more  depressed  and  flatter,  but  the  posterior 
and  two  lateral  parts,  turning  suddenly  anteriorly  and  inferiorly, 
narrow  into  a  rounder,  and  almost  globular  shape;  while 
superiorly  under  the  tentorium,  they  are  dra\\ii  out  more 
sliarply.  Otherwise  the  dura  mater  is  superinduced  over  the 
cerebellum,  beneath  which,  in  immediate  contact  with  this 
organ,  is  the  arachnoid  or  cellular  membrane  and  pia  mater. 
If  we  lay  bare  the  cerebellum  down  to  the  pia  malcr,  we  then 
expose  to  view  the  surface  and  order  of  the  circular  lamius, 
with  which  the  surface  is  ridged.  In  the  superior  plane  of  the 
htimispheres  these  divisivLA  ridges  or  furrows  are  more  distant 
from  mutual  contact,  and  more  uniformly  observe  piirailel  lines. 
But  on  reaching  the  sides,  with  a  view  of  being  continuod 
anteriorly  on  their  way  to  the  bottom  of  the  cranium,  they  draw 
nt-arer  to  each  other,  and  other  iiasures  are  added,  which,  like 
roots  of  the  upper  furrows,  are  more  closely  connected  and 
enfolded,  preventing  thereby  the  upper  furrows  from  gaping 
80  far  apart  as  to  make  the  interstices  wider  than  they  really 
are.  These  roots,  aa  it  were,  of  the  circular  lamina^  or  gyrea, 
after   making'   wonderful   inflections  and   contortittus.   at   last 


terminate  round  certain  protuberances  slightly  elevated,  whereby 
the  furrowed   surface   is  made   to  assume  a  certain   lobular 
appearance.     Ju  these  loboA,  prutubiiranccs  or  sulxlivisious,  a 
dift'erent  arrangement  and  order  of  the  furrows  prevails;  an 
order  fro<iuently  running  in  a  contrary  direction  to  that  of  those 
that  extend   from   the  general   surface    of    the   viscus   to   its 
margins.     But  still  in  each  protuberance  by  itself,  they  seem 
gradually  to  approach  to  a  certain  parallel  arrangement.     Such 
is  the  arrangement  of  the  sub-divided  surfaces  of  the  cerebellum 
on  each  side  round  the  medulla  oblongata,  the  borders  of  which 
several  of  its  subdivisions  closely  embrace.     Of  these  protuber- 
ances or  subilivisions,  however,  there  are  chiefly  three  pairs;' 
one  of  them,  which  is  larger  [the  biveutral  and  slender  lobes]  is 
on  either  side  of  the  corpora  olivaria,  and  pyramidalia,  where 
the  nerves  of  the  eighth  pair  [nervus  vagiis]  issue  out,  and  also 
between  the  nerves  of  the  ninth  pair  [the  hypoglossal  nerves]. 
Into  this  protuberance  the  general  gyres  from  the  upper  surface 
inflect  themselves;  and  those  from  below  wreathe  very  deeply, 
and  do  not  appoar  to  preserve  any  conformity  to  the  parallelism 
of  the  general  gyres  of  the  upper  surface,  except  in  the  interior 
of  the  cerebellum  itself.     The  surface  of  this  protuberance  or 
subdivision  is  ploughed  by  sulci  which  proximately  npply  them- 
selves tf»  the  caudex  of  the  medulla  oblongata,  and  the  nearer 
they  opproacli  to  it,  the  more  they  recede  from  the  circular 
shape,  and  follow  the  longitudinal  course  of  the  above  caudex. 
The  fellow  of  this  protuberance,  on  the  right  side  [in  Duvemey's 
plate]   is   in  a  manner  differently  subdivided  from  the  other, 
and  on   its  further  limit  is  marked  with  tortuous  spires,  and 
through  iutennediato  articulations,  it  is,  so  to  speak,  furrowed 
in  a  manner  differently  from  the  other ;  and  this  seems  to  be  a 
means  by  which  it  is  connected  with  the  general  order  or  root 
of  the  gyres.     The  second  protuberance   or  apjK'ndage  of  the 
foliated   Juminof  of  the   cerebellum  [the   autero-superior  and 


'  In  hit  octiouat  of  thcao  "  protuberances  "  on  the  iuferiar  side  of  the  cere. 
Iwllum,  Swcdenliorg  biutos  kiioself  on  the  very  iruperiur  jiUtv  in  DnTemej'i 
••Tniiu-  de  Turgfinc  douic,"  I'arU,  1683,  l2nio.— KmTou. 
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quadrate  lobes]  comes  into  view  higher  up  when  some  portion 
of  the  cerebrum  with  the  tentorium  is  removed;  it  is  situated 
near  the  pons  Varolii,  where  the  fourth  and  fifth  pairs  of  nervca 
issue  from  their  librcs  of  origin ;  the  gyres  apply  themselves 
to  the  borders  of  the  above-mentioned  pons  Varolii  in  a 
form  accommodated  to  its  figure,  and  they  flow  into  it 
obliquely  compared  with  the  general  sphere  of  the  gyres.  Oa 
either  side  between  the  latter  protuberances,  a  smaller  lobe  or 
subdivision  [the  flocculus  or  subpeduncular  lobule]  projects, 
having  lines  observing  the  same  order  and  direction  as  the 
former,  namely,  in  the  place  where  the  pons  Varolii  ceases,  and 
the  pyramidal  cauda  of  the  medulla  oblongata  begins  ;  or  again 
where  the  seventh  and  the  sixth  pairs  of  nerves  [the  facial 
motori  the  auditory,  and  the  abducent  ocular  nerves]  emerge. 
This  last  protuberance  is  smaller  than  the  rest,  and  it  is  like 
the  second  subdivision,  but  a  transverse  vermicular  process  [in 
Duverney's  plate]  runs  across  all  its  sulci,  with  a  depressed  fold 
passing  all  around  it,  whereby  there  is  imparted  to  it  the  faculty 
of  folding  and  unfolding  with  the  neighbouring  contiguous  parts 
(except  where  the  furrows  are  too  deep),  and  thereby  the  pro- 
tuberance with  its  furrows  is  raised  up  a  little  higher.  But 
these  particular  subdivisions  of  the  cerebellum,  with  several 
others  which  are  formed  by  the  gyros  and  encircling  laminae, 
are  not  equally  conspicuous  in  every  subject  For  wlien  the 
brain  is  in  a  state  of  collapse,  or  when  it  is  pressed  down  by  its 
weight,  as  is  the  case  in  dead  brains,  the  folds  or  corrugations 
are  often  unfolded  and  their  discriminations  obliterated,  just  as 
when  a  napkin,  twisted  into  spiral  folds,  is  again  unfolded,  or  as 
the  forehead,  when  contracted  and  wrinkled,  is  again  smoothed 
down  and  wears  an  even  and  serene  aspects  Unless,  therefore, 
the  folds  of  the  pia  mater  are  traced  with  the  flnger,  and  unless 
the  divisions  are  carefully  noted,  the  junctures  will  remain  out 
of  sight.  The  case  is  difleront  with  regard  to  the  cerebrum; 
for  oven  when  it  lies  dead,  it  has  the  appearance  of  still  furrow- 
ing itself,  twisting  and  tying  itself  into  knots,  as  if  it  were  still 
in  the  act  of  drawing  conclusions.     We  would  observe,  however. 
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that  the  cerebellum  is  such  an  articulated  modulation,  such  an 
intricate  coropages.  as  to  baffle  the  research  even  of  the  most 
skillful  anatomist,  and  not  unless  jou  convolve  and  twist  it  in 
a  variety  of  ways ;  nay,  and  again  tmless  you  liberate  it  frorn 
all  circum pressure,  will  you  bo  able  to  survey  it  from  its  inmost 
principles,  or  to  perceive  from  what  particle  of  its  grey  sub- 
stance the  force  and  freedom  of  its  animatory  motion  proceeds, 
in  what  manner  it  folds  itself  into  its  members  and  parts,  and 
unfolds  itself  from  them,  beginning  in  these  parts.  Some  figures 
of  its  folds  are  given  by  Willis,  Cerebri  Anatome,  fig,  1,  3, 7,  8 ; 
in  ^orgsigtn's  Animadver»ione8,  vi.,  Tab.  L,  fig.  3 ;  and  especially 
in  Ruysch's  plates,  EpUt.  Auat,  xii.,  Tabs,  xiii.,  xv.,  and  iu  those 
of  Duvemey's  iu  his  treatise  on  the  ear.  The  c»irebellurn,  how- 
ever, although  it  seems  discriminated  on  the  surface  into  figures 
apparently  so  various,  each  with  its  own  particular  system  of 
circular  laminae,  still  its  general  gyres  or  laminae  are  knotted  into 
a  simple  process  called  the  vermiform  process.  The  upper  part 
of  this  process  is  approached  by  the  gyres  or  furrows  of  tho 
upper  surface,  its  lower  part  by  those  of  the  anterior  surface ; 
whence  it  follows  that  this  appendage  or  pnx?css  is  double  ; 
that  there  is  an  upper  or  superior  pnx'ess  which  is  larger,  and 
also  a  lower  or  inferior  one  which  is  smaller.  By  this  inter- 
mediate, though  more  compressed  stratum,  both  hemispheres 
are  bound  together,  as  it  were,  by  a  concatenated  series  and 
system  of  gyres.  These  vermiform  processes  or  median  lobes 
receive  the  gyrcss  of  the  whole  cerebellum ;  for  iu  them  are 
concentrated  the  gyres  or  furrows  from  every  quarter  of  its 
entire  compages ;  wherefore  like  hinges,  with  very  small  spaces 
left  between  tho  furrows,  and  with  numeruus  vessels  passing 
between  them,  they  are  furrowed  transversly.  From  these 
vermicular  processes  other  lamina?  or  gyres  arc  sent  dow!i 
obliquely,  which  are  similar,  and  climbing  upwanls  form,  as  it 
were,  little  bridges,  so  that  the  gyres  arising  from  either  hemi- 
sphere, through  a  continuous  connection,  may  proceed  [to  the 
-ido]  where  they  creep  up  wavelike,  obliquely  and  froni 
I  Bofure,  however,  this  general  gyral  s3-stem  of  the 
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furrows  of  the  cerebellum  becomes  involved  in  these  vermiform 
processes,  it  seems  at  first  to  insinuate  itself  into  cert4un  poles, 
not  far  from  the  sides  of  the  vermis  ;  for  when  this  general  gyra- 
tion reaches  the  shores  of  this  process,  it  meets  in  a  certain 
centre,  and  by  spiral  windings,  and  without  any  difficulty,  it 
enters  the  pole  or  umbilicus,  out  of  which  through  the  interven- 
ing substances  it  passes  into  the  veriest  vermes  themselves ;  so, 
indeed,  that  the  centre  of  the  sphere  of  activity,  or  the  cynosure 
of  each  hemisphere,  does  not  lie  in  these  vermiform  processes,  but 
[in  the  great  horizontal  fissure  near  by  or  underneath  the 
flocculus]  at  the  two  sides.  This  may  be  seen  in  Eustachius, 
TohMl.  Anat,  Tab.  vii.,  and  in  the  plates  of  the  other  anato- 
mists. 

667.  WlLLia' — "  Below  the  corpora  quadrigomina  succeeds 
the  cerebellum.  Its  shape,  like  that  of  the  cerebrum,  is  some- 
what globose ;  it  is  als<^  marked  by  gyres  and  certain  convolu- 
tions, and  thus  appears  uneven.  The  furrows  and  sulci  of  these 
convolutions  are  covered  with  pia  mater,  which  binds  together 
their  summits  and  lines  the  interstices  in  the  deep,  into  all  of 
which  it  sends  out  vessels  and  enters  deeply  into  them.  Never- 
theless, the  cerebellum  by  its  gyres  and  convolutions  is  varie- 
gated in  an  uncertain  n^anner  differently  from  the  cerebrum; 
its  folds,  however,  are  arranged  in  a  certain  orderly  series,  for 
its  exterior  compages  seems  to  consist  of  laminae  or  g}Tes  con- 
tiguous to  one  another,  and  interlaced  with  one  another,  and 
which,  in  a  certain  parallel  order,  extend  throughout  the  whole 
of  its  surface.  Both  regions  of  the  cerebellum,  the  anterior 
and  posterior,  terminate  in  the  vermiform  pn>cess.  Near  these 
termini,  as  in  twin-poles,  these  gyres  are  shortest ;  thence,  on 
ascending  towards  the  summits  [on  either  side],  they  gradually 
enlai^e  as  in  parallel  spheres.  These  g3Tcs,  or  spherical 
lamime.  are  cortical  exteriorly,  and  medullary  interiorly,  and 
the  medulla  of  every  one  of  them  passes  into  two  largo  central 
spaces,  which,  in  the  cerebellum,  seem  to  serve  the  same  pur- 
pose as  the  corpus  callosum  in   the  cerebrum.     In  certain 
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nnimals  the  cerebellum  coDfd5t.3  of  one  single  compages,  and  ita 
gyres  or  lamuite,  all  of  which  are  arranged  in  a  like  parallel 
order,  preserve  this  arrangement  throughout  In  other  animals, 
however,  certain  other  bodies,  like  protuberances  or  smaller 
8Uj>erticial  spheres,  funiiehed  with  lesser  gyres,  are  attached  to 
the  cerebellum  as  to  their  primary  sphere ;  these  leaser  bodies, 
being  eccentric  in  respect  to  the  cerebellum,  have  often  folds 
or  lamina*  ruituiitg  in  a  different  direction  to  that  obsorvod  in 
the  corebeilum  itself.  This  latter  organ,  however,  whether 
furni:jhed  with  tbe«e  tubercular  accretions  or  not,  is  found 
almost  in  all  animals,  of  the  same  shape  and  ]>roportiou,  and 
also  or^^'anized  of  the  same  kind  of  lamins?.  Those  animaU, 
where  the  cerebrum  is  differently  constituted  from  man,  aa  in 
birds  and  fishes,  and,  among  quadrupeds,  in  rabbits  and  mice, 
whose  cerebra  are  destitute  of  gyres  or  convolutions — these 
animals  have  a  similar  kind  of  cerebellum,  with  a  similar 
arrangement  of  folds,  and  with  the  remaining  component  parts 
alike.  ...  As  the  cerebrum  within  its  cavity  has  ita  own 
choroid  plexus,  interwoven  in  various  ways  of  arteries  and  veins, 
and  most  densely  inccrspersed  with  glands,  so  also  the  cere- 
bfllum  has  similar  plexuses  of  vessels  which  are  furnished  with 
the  same  kind  of  glands,  but  more  numerous  and  larger  than 
in  the  choroid  plexus  of  the  cerebrum.  ^STien  the  pia  mater, 
which  covers  the  jwsterior  part  of  the  cerebellum,  is  removed, 
this  assemblage  of  plexuses  and  glands  is  plainly  visible ;  for 
there,  on  either  side  of  the  vermiform  process,  they  creep 
upwanis,  as  it  were,  in  two  bninches;  each  receives  an  arterial 
branch  from  the  vertebral  artery  which  is  situated  under  the 
base  of  the  medulla  oblongata,  and  venous  ducts  which  are 
sent  out  from  the  lateral  sinuses.  .  .  .  Meanwhile,  in  order  to 
describe  the  situation  and  the  attachment  of  the  cerebellum, 
we  have  to  observe  that  it  is  situated  over  the  medulla 
oblongata,  to  whose  sides  it  seems  fastened,  as  it  were,  by  two 
crura.  Between  these  crura  on  either  side,  with  the  cerebellum 
overhead,  and  the  cuudex  of  the  medulla  oblongata  underneath. 
there  is  a  cavity  which  is  commonly  called  the  fourth  ventricle. 
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In  each  crus,  which  sustains  the  cerebellum,  three  distinct 
medullary  processes  or  peduncles  are  discovered.  The  first  oi' 
these,  which  is  sent  out  from  the  corpora  quadrigemina,  ascends 
in  an  oblique  direction ;  the  second,  which  descends  in  a 
straight  direction  from  the  cerebellum,  crosses  the  former,  and 
encompasses  the  medulla  oblongata ;  the  third  process,  which 
descends  from  the  posterior  region  of  the  cerebrum,  is  inserted 
in  the  medulla  oblongata,  and  increases  its  trunk  as  by  an 
additional  strand  (Cap.  III.,  pp.  21-23).  ...  In  order  that 
the  three  distinct  medullary  peduncles,  which  constitute 
each  crus  of  the  cerebellum,  may  be  exhibited  more  fully 
to  the  sight,  and  in  order  that  the  inmost  compages  of  the 
corebellum  may  be  examined,  it  is  necessary  that  its  whole 
globe  should  be  dissected  in  the  middle  through  both  globes, 
that  is,  through  the  vermiform  processes.  Then  it  will  appear 
plainly  that  in  each  hemisphere  there  is  contained  a  large 
central  space,  in  which  medullary  branches,  like  a  tree,  extend 
in  every  direction,  and  press  against  the  cortical  substance  of 
the  cerebcllnm  which  is  diffused  in  all  directions  ;  further,  that 
the  three  distinct  peduncles  which  compose  each  caudex  or 
crus  of  the  cerebellum  are  inserted  in  the  central  space  of  each 
hemisphere  {Ibul,  p.  24).  .  .  .  The  cerebellum  is  situated  in 
the  very  occiput  below  the  corpora  quadrigemina,  where,  being 
attached  by  its  two  crura  to  the  caudex  of  the  medulla  oblong- 
gata,  it  appears  in  an  almost  spherical  form.  Its  upper  arched 
suriace,  with  the  pia  mater  inten^ening.  adheres  to  the  edge  of 
the  cen?brum  itself,  so  far  as  its  surface  is  concenjod ;  yet  with 
the  cerebrum  it«elf  it  is  by  no  means  conjoined,  nor  is  there 
any  immediate  intercourse  between  these  two  organs  and  their 
parts"(Cap.XV.,  p.  98). 

C6S.  ViEissENS* — *'The  cerebellum  is  that  porriuu  of  the 
brain,  taken  in  a  larger  sense,  which  is  tmitcd  to  the  medulla 
oblongata  below  the  corpora  ijuadrigcmina.  It  ia  situated 
above  it  like  a  large  tuber  or  bulb ;  and  lies  below  the  posterior 
edges  of  the  two  hemispheres  of  the  cerobrum,  being  separatt-d 
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from  it  by  the  tentorium.     From  this  it   appears  manifestly 
that  the  cerebellum  is  situated  in  the  posterior  region  of  the 
cranial   cavity.     The  cercbeMum   is  of  a  somewhat  globular 
shape.     Its  external  surface  is  irrigated  by  a  great  number  of 
vessels,  and  whether  it  be  covered  with  pia   mater,  or  freed 
from  the  same,  it  becomes  plain  that  it  is  divided  by  many 
transverse  sulci ;  and  when  these  arc  a  little  drawn  apart  from 
each  other,  it  appeal's  that  the  whole  cerebellum  is  divided  into 
lamime.     \i&  sulci,  however.^-ditferent  from  the  gyres  of  the 
cerebrum  which   are   like   convolutions  of  small  intestines — 
do   not  follow   an   uncertain   and    oblique   direction,  but  are 
rather  drawn   transversely,  and  its  laminae  are  arranged  in  a 
certain    orderly    series :    for   its   eiterior   compages   seems    to 
consist  of  foliated  lamime  contiguous  to  one  another,  and  folded 
together,  and  which  in  a  parallel  order  seem  to  pass  over  its 
whole  surface.     The  middle  region  of  the  cerebellum,  both  on 
its  anterior  and  posterior  surface,  terminates  in  the  vermiform 
process  \  so  that  there  are  two  vermiform  proctasses  which  are 
made  conspicuous  when  the  cerebellum  at  one  time  is  inclined 
a  little  forward,  and  at  another  backwards.     In  the  two  vermi- 
form processes,  as  in  a  twin  pole  of  the  cerebellum,  its  gyres 
are  shortest,  and  thence,  in  proportion  as  they  ascend  towards 
the  summit,  as  towards  an  equator,  they  gradually  grow  wider 
as  in  a  parallel  sphere.      When  the  brain  id  inverted,  there 
appear,  near  the  end  uf  the  fourth  ventricle,  two  parts  of  the 
cerebellum  [the  flocculi],  which  are  adjacent  to  the  posterior 
vermiform  process,  and  which,  like  this  process,  are  marked  with 
small  and   short  gjres.     The    cerebellum,  like    the    cerebrum, 
consists  of  two  distinct  substances,  a  grey  or  glandular  substance 
which  is  visible  on  its  whole  exterior  surface,  and  a  white  or 
medullary  substance  which  occupies  its  interiors.     When  the 
cerebellum,  denuded  of  ita  dura  mater,  is  reclined  backwards. 
a  membrane  of  an   ashy  grey  colour  is  discovered,  which   is 
somewhat    thick    and    soft.     This  membrane    [the   valve    of 
Vieusscns]  is  a  production  of  the  pia  mater,  and  is  interwoven 

with  a  glaudulous  substance,  not  unlike  the  cortex  of  the  cere- 
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bruin.  A  transverse  medullary  tract  enters  in  front  into  thia 
membrane,  which  adheres  and  is  united  to  the  inferior  vermiform 
process,  and  to  the  peduncles  which  extend  from  the  cerebellum 
to  the  corpora  quadrigemina,  as  well  as  to  the  posterior  part  of 
the  pons  Varolii,  Thence  it  appears  that  this  membrane  lines 
the  anterior  part  of  the  cavity  of  the  fourth  ventricle,  and  closes 
up  the  posterior  part  of  the  aqueduct  of  Sylvius;  wherefore  we 
maintain  that  it  performs  there  the  function  of  a  valve.  ,  ,  , 
When  the  cerebellum  is  cut  piecemeal  in  an  ante ro- posterior 
direction,  it  ap|>ears  that  its  grey  substance  is  mixed  with  white 
substance  iu  such  a  manner  that  both  seem  folded  up  together, 
and  variegated  like  marble ;  at  the  same  time  also  the  valvula 
major  of  the  cerebrum  [the  valve  of  Vieussens],  and  both 
vermiform  processes  are  clearly  exhibited  to  the  sight  If  the 
whole  cerebellum,  however,  is  dissected  through  the  vermiform 
processes,  as  through  twin  poles,  the  white  substance  of  this 
middle  region  is  seen  divided  into  several  tracts,  which  spread 
out  in  every  direction  like  the  branches  of  a  tree.  These 
nietlullary  tracts  are  imbedded  in  the  grey  substance  which  is 
diffused  in  every  direction.  At  the  same  time  also  the  peduncle 
which  extends  from  the  cerebellum  towards  the  corpora  quad- 
rigemina, and  likewise  that  other  peduncle  which  is  continued 
from  the  cerebellum  towards  the  spinal  marrow,  tt»gether  with 
the  cavity  of  the  fourth  ventricle,  come  into  sight  (pp.  74-7C). 
.  .  .  AHer  the  cerebellum  has  been  dissected  through  the 
vermiform  processes,  so  that  its  interior  parts  are  exhibited  to 
view,  and  after  the  order  and  series  has  been  recognized,  in 
which  its  medullary  fibrils  are  disposed,  we  disaect  it  again  on 
each  side  through  the  middle,  and  then  fold  it  back  partly 
upwards  and  partly  downward^  When  this  is  done  we  notice  in 
the  central  space  of  each  hemisphere  a  certain  grey  or  glandular 
substance  [the  corpus  dentatum]  which,  on  account  of  its  being 
divided  into  parts  of  a  certain  rhomboid  funn,  we  at  one  time 
call  the  rhomboid  substance,  and  at  another  the  rhomboid 
bodies  of  the  cerebellum.  Underneath  these  rhomboid  bodies 
all  the  medullary  fibrils,  of  which  each  hemijiiphere  of  the  core- 
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bellum  consists,  meet  together,  and,  being  gathered  up  into  a 
certain  common  centre,  they  pass  off  on  either  side  into  a 
mediillary  and  spongy  body,  as  it  were,  which  we  call  the 
centrum  meduUare  of  the  hemispheres  of  the  cerebellum.  Six 
peduncles,  three  on  each  side,  which  consist  of  the  medullary 
fibrils  coalescing  together,  are  led  forth  from  the  above-said 
centrum  mcdullare  of  the  hemispheres  of  the  cerebellum,  and 
through  their  mediation  the  medulla  of  the  cerebellum  com- 
municates with  the  posterior  part  of  the  *  centrum  ovale  *  [of  the 
cerebrum],  with  the  white  tracts  which  are  produced  from  the 
middle  region  of  the  same  'centrum  ovale/  and  with  the  spinal 
marrow.  Of  these  peduncles,  those  which  tend  towards  the 
corpora  quadrigemina  we  call  the  processes  from  the  cerebellum 
towards  the  corpora  quadrigemina.  [superior  peduncles  or  crura 
ad  testes];  those  which  incline  towards  the  medulla  oblongata 
we  call  the  processes  from  the  cerebellum  towanls  the  medulla 
oblongata  [the  middle  peduncles  or  crura  ad  pontcm] ;  and 
those  which  tennimate  in  the  spinal  marrow  we  call  the  pro- 
cesses from  the  cerebellum  towards  the  spinal  marrow  [inferior 
peduncles  or  crura  ad  medullara]  (pp.  78.  79).  .  .  .  Before  the 
hice  medullary  fibrils  of  each  hemisphere  of  the  cerebellum  ter- 

inate  in  the  above-mentioned  processes  or  peduncles,  they  pass 
off  into  large  medullary  trunks  or  crura  by  which  the  whole  mass 
of  the  cerebellum  is  supported  as  by  a  double  foot  or  basis,  where- 
fore Willis  called  them  the  peduncles  of  the  cerebellum  "  (p.  81), 

669.  Ridley.* — "  The  cerebellum  has  three  processes,  which, 
joined  together  on  each  side,  make  up,  as  it  were,  two  fair  roots 
[or  crura],  by  the  ancients  called  the  posterior  roots  of  the 
medulla  oblongata,  and  by  the  modems,  peduncles  or  stalks,  by 
which  this  organ  grows  to  the  medulla  oblongata.  The  first  of 
those  processes  ascend  trom  the  cerebellum  to  the  corpora  quad- 
rigemina ;  the  second  from  the  cerebellum  to  the  medulla 
oblongata,  and  these,  meeting  together  on  its  lower  side^  make 
up  that  large  protuberance  called  by  Willis  the  annular  process, 
and  by  others,  after  the  first  author  describing  it,  pons  Varolii 
1  "  Automy  of  the  Brain."  Ch»p.  XIV. 
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.  .  .  The  third  process  descends  from  the  cerebelluin  backwards, 
upon  the  upper  side  of  the  medulla  oblongata,  like  two  prolonged 
thick  cords  on  each  side,  making  the  medulla  look  somewhat 
thicker  and  broader  in  that  place,  and  not  unfitly  styled  the 
restilorm  process.  These  crum,  when  they  meet  at  the  other 
end  [in  the  cerebellum],  make  up  the  central  space  (Tneditullium) 
or  the  corpus  callosum  of  the  cerebellum  "  (pp.  135,  13G). 

C70.  WixsLOW.^ — "The  cerebellum  lies  euclosed  under  the 
transverse  septum  or  tentorium  of  the  dura  mater.  It  is  hroailer 
latei-ally  than  in  its  antero-posterior  direction.  It  is  flattened 
on  the  upper  side,  and  gently  inclined  from  one  side  towards 
the  other,  answerable  to  the  tentorium  which  serves  to  it  as  a 
kind  of  teut  or  ceiling.  On  the  lower  side  it  is  rounder,  and 
towards  the  back  part  it  is  divided  into  two  lobes,  separated  by 
the  falx  minor  of  the  dura  mater  It  is  made  up,  like  the 
cerebrum,  of  two  substances,  but  has  no  circumvolutions  on  its 
surface.  Its  sulci  are  pretty  deep,  and  disposed  in  such  a  manner 
as  to  form  thin,  flat  strata,  more  or  less  horizontal,  between 
which  the  internal  lamina  of  the  pia  mater  insinuates  itself 
by  a  number  of  leaves,  as  it  were,  equal  to  that  of  the  strata. 
Under  the  tentorium  it  is  covered  by  a  vascular  tissue  which 
communicates  with  the  choroid  plexus.  In  its  front  part  it  haa 
two  middle  appendages  called  vermiform  processes,  of  which 
one  is  inclined  towards  its  anterior,  and  the  other  towards  its 
posterior  surface.  .  .  .  They  are  termed  vermiform  from  their 
resemblance  to  ao  earth-worm.  Besides  the  division  of  the 
cerebellum  into  lateral  portions  or  into  two  lobes,  each  of  these 
lobes  seems  to  be  likewise  subdivided  into  three  protuberances, 
one  anterior,  one  middle,  and  one  posterior;  but  they  are  not 
in  all  subjects  equally  distinguished,  either  by  their  convexity 
or  limits ;  but  they  may  always  be  distinguished  by  the  direction 
of  their  strata,  those  of  the  middle  and  anterior  protuberances 
being  less  transverse  than  in  the  posterior  (Sect  X.,  nos.  92-93). 
.  .  .  The  strata  of  both  substances  of  the  cerebellum  are  not 
always  of  the  same  extent  in  the  same  }>ortions  or  protuberances 
'  "  AnAtomictt]  Expoftitioo,"  etc.,  S«ut.  X 
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of  each  lobe.  This  appears  by  merely  viewing  the  convex  or 
outer  surface  of  the  cerebellum  ;  for  there  we  see  at  different 
dist-ances  some  cortical  strata  shorter  thau  others,  and  likewise 
that  the  extremities  of  the  short  strata  diminish  gradually 
in  thickness  till  they  are  quite  lost  between  the  two  long  ones. 
If  we  make  a  small  hole  in  the  external  lamina  of  the  pia  mater 
over  one  of  the  lobes  of  the  cerebellum,  without  touching  the 
inner  lamina,  and  then  blow  into  the  cellular  substance  by  which 
these  two  laminn^  arc  conrtected,  through  a  small  tube  introduced 
into  the  hole,  the  air  will  gradually  swell  the  substance,  and 
separate  the  strata  more  or  less  equally  from  each  other,  through 
their  whole  extent,  and  we  shall  see  at  the  same  time  the  dis- 
position of  all  the  membranous  septa  or  duplicatures  of  the 
interna]  lamina  of  the  pia  mater,  with  the  numerous  distribution 
of  the  fine  blood-vessels  which  run  upon  it,  especially  after  a 
successful  injection,  or  in  an  inflammatory  state  of  these  mem- 
branes" {Ibkl,  nos,  100,  101). 

671.  MouoAONi.^ — "  What  Ridley  writes  concerning  the 
cerebellum,  namely,  that  'it  differs  from  the  cerebrum  in  its 
cortical  structure,  inasmuch  as  its  interstices  are  here  elliptical, 
or  pieces  of  imperfect  circles  ' — all  this  is  very  true.  It  must, 
however,  be  added  that  if,  by  the  gentle  insertion  of  the  handle 
of  the  scalpel  into  those  interstices,  the  circles  are  drawn  apart 
from  one  another,  it  will  be  found  that  some  of  them  are  pro- 
duced to  a  depth  which  is  more  or  less  shallow,  while  olhei*s 
penetrate  very  deeply  into  the  very  mass  of  the  cerebellum.  If, 
of  those  circles  or  strata  which  penetrate  most  deeply,  we 
inspect  that  face  which  is  turned  towards  the  face  of  the 
nearest  circle  or  stratum,  we  shall  find  that  the  whole  of  it  ia 
likewise  furrowed  by  many  interstices  of  other  circles,  as  it  were, 
some  of  which  are  parallel  to  one  another,  others  are  wonderfully 
interlaced  with  one  another,  or  produced  from  one  of  their 
surfaces  into  another,  and  that  hence  arise  not  inelegant 
segments;  so  however,  that  those  observers  who  do  not  draw 
apart  those  deeper  interstices,  perceive  only  the  smaller  portion 
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of  those  circles  or  Btrata,  into  which  the  whole  surface  of  the 
corebellum  is  divided,  aud  thus  remaia  ignorant  of  by  far  the 
greater^  and  incredible  part  of  its  surface,  and  consequently  of 
the  extent  of  the  cortical  substance  of  the  cerebelhim.  Further, 
between  each  of  these  cortical  circles  or  strata,  particular 
meduUaiy  circles  or  strata,  though  very  much  thinner,  are 
enclosed,  which  are  arranged  in  the  same  order  as  the  cortical 
circles.  From  this  method  in  its  structure,  it  results,  that  when 
the  cerebellum  is  dissected  perpendicularly  through  its  middle^ 
the  sections  of  the  medullary  circles  produce  an  appearance  of 
white  arbnscles ;  the  sections  of  the  cortical  circles,  however,  an 
appearance  of  leaves,  as  it  were,  thrown  around  these  same 
arbuscles.  While  penning  the  above,  I  read  Heister's  description 
of  the  wonderful  structure  of  the  cerebellum  which  was  recently 
published,  where  he  pays  particular  attention  to  those  sections 
which  we  have  just  mentioned,  and  which  we  call '  leaves,'  but  be 
little  '  lobules ; '  and  what  we  regard  as  the  extreme  twigs  of  the 
little  arbuscles.  following  the  example  of  Malpighi,  he  describes, 
as  it  were,  as  little  excretory  ducts,  of  use  to  each  of  these  little 
lobules.  The  sections  of  the  deeper  circles  or  strata,  however, 
together  with  the  sections  of  the  other  circles  into  which  they 
branch  out  sidewards,  upon  due  examination  he  calls  '  lobes,' 
and  he  points  out  the  use  of  his  structure.  Besides,  he  repre- 
sents all  these  sections  as  constituting  a  most  elegant  form,  aud 
explains  the  method  by  which,  during  the  space  of  almost  a 
single  night,  the  cerebellum  may  be  so  prepared  that  all  its 
interstices,  each  by  itself,  may  be  drawn  apart.  This  experi- 
ment, on  account  of  the  ease  with  which  it  may  be  instituted, 
deserves  our  greatest  praise.  My  hearers,  however,  are  well 
aware  how  often  I  have  previously  demonstrated  to  them  all 
that  I  have  described  above,  without  making  use  of  this  experi- 
ment "  (Animadversio  XL,  pp.  13, 14).  Our  author  also  presents 
in  a  plate  (Fig.  III.,  p.  133)  one  "hemisphere  of  the  cerebellum, 
drawn  apart  in  two  or  three  places,  where  the  circles  or  strata 
descend  more  deeply,  so  that  other  segments  of  circles  into  which 
the  surfaces  of  these  former  circles  open,  are  exhibited  to  view/* 


JTS  SmUCTURE, 


»«S 


■ 


672,  Heister.' — *' The  cerebellum  is  like  a  small  cerebrum, 
becauiic  it  is  almost  six  times  smaller.     It  is  situated  uuder  the 
posterior  lobes  of  the  cerebrum,  and  under  the  posterior  processes 
of  the  dura  mater  iu  the  lower  part  of  the  cranial  cavity.     By 
these  processes  [the  tentorium  and  the  falx  minor]  the  cerebrum 
is  prevented  from   compressing   it     Its   figure   approaches  a 
globular  one,  a  little  compressed.     Ita  surface  is  less  anfractuous 
or  gyrated  than  that  of  the  cerebrum,  but  it  is  furrowed,  as  it 
were,  and  divided  into  almost  parallel  laminse.     These  lamina 
are  largest  [and  hence  the  furrows  deepest]  in  the  middle,  but 
from  thence  they  gradually  grow  smaller  on  either  side,  des- 
cribing BO  many  segments  of  circles,  until  they  terminate  ou 
both  sides  in  what  is  called  the  inferior  and  posterior  vermiforrn 
processes.     If  the  cerebellum  is  divided  by  the  knife  into  a  right 
and  loft  part,  it  appears  that  its  substance  is  both  cortical  and 
medullary,  but  the  cortical  part  is  much  greater  iu  quantity 
than  the  medullary  part;  this  represents,  in   a   very  elegant 
manner,  a  kind  of  shrubs  or  little  trees,  the  trunks  of  which 
constitute  what  are  called  the  crura  of  the  cerebellum.     Though 
the  cerebrum  has  several  cavities,  the   cerebellum   has   none. 
The  lobules  of  the  cerebellum  adhere  in  clusters,  iu  the  manner 
of  leaves  on  trees,  to  the  medullary  shrubs  or  arbuscles  already 
mentioned;  they  appear  very  beautifully  on  dividing  the  cere- 
bellum.    These  lobules  or  little  leaves,  however,  when  the  brain 
is  not  cut,  constitute  the  laminae  or  strata  of  the  cerebellum, 
clothed  with  pia  mater ;  of  these  the  whole  cerebellum  consists. 
The  crura  of  the  cerebellum  consist  of  three  medullary  pro- 
cesses.    The  first   ascends  from   the   cerebellum   towards   the 
corpora  quadrigemina,  and  forms  the  valve  of  Vieussens.     The 
second  forms  the  aunular  prominence  of  Willis  or  the  pons 
Varolii,  and  the  third  descends  to  the  spinal  marrow"  (no.  271). 
Examine    also    Heister's    very    elegant    figures    [Vol    XL, 
Plate  IV.,  Figures  16,  17,  pp.  171,  etc.],  besides  the  plates  of 
Willis  and  Vieussens,  and  especially  the  one  of  Duveruey^  ia 

'  **  Compeadlum  Anatoniicum,"  Vol.  I. 

*  Duvemey,  (JuichRrd  Joacplnis.     **Trait£  de  I'organo  d'onie,'*  Puis,  1663, 
1718-     It  WM  inaerted  by  Maugfit  in  hu  **  Bibliothec*." 
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his  treatise  on  the  ear,  which  is  most  skilfully  engraved.  There 
the  cerebellum  is  represented  inverted,  that  is,  with  its  anterior 
or  inffrior  face  with  the  protuberances  called  by  Willis  "  epis- 
phfieria  "  [/.*?.,  the  flocculus],  on  which  a  certain  vermicular  process 
is  placed  transversely.  There  it  may  be  seen  how  the  general 
furrows  of  the  upper  surface  of  the  cerebellum  terminate  below 
in  the  particular  furrows  of  three  protuberances  [the  bivcntral 
and  slender  lobes,  the  antero-superior  or  quadrate  lobe,  and  the 
flocculus]  ;  so  that  at  last,  after  various  inflections,  they  converge 
in  the  vermiform  process.  The  lower  surface  of  the  cerebellum 
is  represented  like  a  napkin  twisted  into  folds. 


The  Bloody  Spots  m  the  Medullary  Body  of  the  Cere- 
brum AND  CEREBRILUAT. 


673-  It  is  well  known  that  nothing  is  of  a  more  frequent 
occurrence  than  that  drops  of  blood,  out  of  some  nooks  and  recep- 
tacles in  the  brain,  ooze  out  around  the  fingers  and  the  edge  of 
the  instrument  used  by  the  operator;  this  is  affirmed  by 
MorgagnL  The  interior  structure  of  the  cerebrum  indeed,  as 
well  as  of  the  cerebellum,  is  variegated  by  many  drops  of  blood 
like  stars,  as  appears  from  Vieussens'  Plates  VI.,  VII.,  XIL, 
XIIL,  and  also  from  Ridley  s  Plate  V.,  where  arteries  of  con- 
siderable size  are  also  represented  within  the  cortical  and 
medullary  substances  of  the  cerebrum.  Concerning  those 
sanguinary  spots,  says  Vieussens,  "  I  noticed,  in  the  lowest  as 
well  as  iu  the  highest  portion  of  the  medulla,  several  arteries  of 
this  kind  of  considerable  size,  which  penetrated  that  substance 
for  the  purpose  of  reaching  the  grey  portion  of  the  cjorponi 
striata.  ,  ,  ,  None,  or  only  very  few  of  these  arteries,  were 
noticed  in  the  parts  nearest  to  the  sinuses,  or  immediately 
below  the  cortex  ;  few  only  in  the  fornix ;  not  many  in  U>e 
medullary  substance  of  the  posterior  edges  of  the  cerebrum, 
which  constitutes  the  upper  part  of  the  lateral  ventricles.  A 
few  were  observed  in  the  whole  external  surface  of  the  medul- 
lary substauce  of  the   cerebrum  and   cerebellum  immediately 
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under  the  cortex,  but  at  a  greater  distance  therefrom  many 
were  discovered,  as  id  that  substance  which  constitutes  tho 
walls  of  the  latter  ventricles,  and  in  that  which  immediately 
embraces  the  medulla  oblongata.  ...  If,  after  tying  the  caro- 
tids about  the  middle  of  the  neck,  spirit  of  wine,  dj'ed  of 
BafiroD  colour,  is  repeatedly  injected  in  either  of  the  carotids, 
the  grey  substance  of  the  cerebrum,  and  also  the  white  substance 
are  imbued  with  a  saffron  colour  from  the  vessels  which  penetrato 
the  medullary  substance  "  {Xeurograpkia,  etc.,  pp.  39,  40). 


[modern  authors. 

673(1.  QuAlN.' — "  The  cerebellum  consists  of  a  body  and  of 
three  pairs  of  crura  or  pfduncUs,  by  which  it  is  connected  with 
the  rest  of  the  cerebro-spiiial  axis.  .  .  . 

"  It  cousists  of  two  lateral  heini^pherea  joined  together  by  a 
median  portion  called  the  vermiform  process,  which  in  man 
is  distinguishable  only  as  a  small  though  well-marked  part 
below,  named  the  inferior  vermiform  process,  and  a  mere  eleva- 
tion above,  called  the  superior  vermiform  process.  In  birds,  and 
in  animals  lower  in  the  scale,  this  middle  part  of  the  cerebellum 
alone  exists;  and  in  most  mammals  it  forms  a  central  lobe 
very  distinct  from  the  lateral  portions.  .  .  . 

"  The  peditncles  are  named  superior,  middle  and  inferior,  and 
connect  the  hemispheres  of  the  cerebellum  with  the  brain, 
spinal  cord,  and  with  each  other.  The  superior  peduncles, 
crura  ad  cerebrum  or  processus  ad  testes,  together  with  the 
valve  of  Vieusseus,  a  lamina,  stretched  between  them,  connect 
the  cerebellum  with  the  cerebrum.  Tho  inferior  peduncles, 
crura  ad  mcdullam.  aro  the  upper  extremities  of  the  restiform 
bodies.  The  middle  peduncles,  or  crura  ad  pontem.  much  tho 
largest,  are  the  lateral  extremities  of  the  tranverse  fibres  of  the 
pons   YaroliL     They  connect  together  the  two  halves  of  the 

t  **Qiiftin's  ElemeoU  of  .\batoiny/*  «to.  Eighth  Edition.  Two  Vola. 
Londuu,  1^0. 
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cerebellum  inferiorly.  All  these  peduncles  pass  into  the  iuterior 
of  the  cerebellum  at  its  fore  part 

"  Folia. — The  cerebellum,  at  the  surface,  and  for  some  depth, 
consists  of  numerous  nearly  parallel  lumiuje  or  folia,  which  are 
cuuiposed  of  grey  and  white  matter,  and  might  be  compared 
with  the  gyri  of  the  cerebrum,  but  are  smaller  and  without 
convolution.  These  lamina?  are  separated  by  sligbtly-curved 
grooves  or  sulci  of  different  depths. 

"  Fissures. — One  principal  fissure,  or  sulcus,  named  the  ^^eai 
horizontal  jUdUJ'e,  divides  the  cerebellum  into  an  upper  and  a 
lower  portion.  It  begins  in  front  at  the  entrance  of  tho  middle 
peduncles,  and  passes  horizontally  backwards  round  tho  outer 
border  of  the  hemispheres.  From  this  primary  fissure,  numerous 
others  proceed  on  both  the  upper  and  under  surfaces,  forming 
nearly  parallel  curves,  having  their  concavities  turned  forwards, 
and  separating  tho  folia  from  each  other.  All  these  furrows  do 
not  go  entirely  round  the  hemisphere,  for  many  of  them  coalesce 
one  with  another;  and  some  of  tho  smaller  furrows  have  even 
an  oblique  course  between  the  others.  Moreover,  on  opening 
tho  larger  fissures,  many  folia  are  seen  to  lie  concealed  within 
thorn,  and  do  not  reach  the  surface  of  the  cerebellum. 

'•  Lobes. — Certain  fissures,  which  are  deeper  than  the  rest 
and  constant  in  their  position,  have  been  described  as  separating 
the  cerebellum  into  lobes,  which  are  named  as  follows.  The 
central  lobe^  situated  on  the  upper  surface,  consists  of  about 
eight  folia,  immediately  adjoining  the  anterior  concave  border. 
The  superior  and  anterior  lobe,  sometimes  called  qu-atlrate, 
and  the  superior  and  posterior  lobe,  are  placed  between  tho 
central  lobe  and  the  great  horizontal  fissure.  On  the  nnder 
surface  are  seen  successively  the  inferior  posterior  lobe,  tho 
blender  lobe,  or  lobulus  gracilis,  the  biventnU  lube,  the  aniygdala, 
and  the  subpedaiicular  lube  or  flocculus.  This  last-named 
lobule  projects  behind  and  below  the  middle  peduncle  of  the 
cerebellum.  It  is  connected  by  a  slender  pedicle  of  white  fibres 
to  the  rest  of  the  hemisphere;  but  its  expo.sed  surface  is  grey, 
and  is  subdivided  into  five  or  six  small  lamina*.*' 
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This  divbiou  iuto  lobes  was  origiuallj  introduced  by  RciL 
He  also  distiu^^uished  the  vermiform  process  iuto  the  following 
paru:  (1)  the   lin/pda  on   the   valve   of  Vieussens;  (2)   the 

ndtis  vfnlrtilis ;  (3)  the  tnonticultui,  between  tlie  two  quad- 
lobes;  (4)  the  lamhia  transvertia  superior;  (o)  the 
lamincc  tixLnettersai  inferiores;  (6)  the  pyrainid;  (7)  the 
uvalu;  (8)  the  ywdxde  which  projects  into  the  fourth  ventricle, 
and  is  called  the  laminated  tuberde  (Malocarne). 

6736.  Arnold.^ — "  Formerly  it  was  universally  supposed 
that  the  medullary  processes  of  the  cerebellum  in  the  direction 
of  the  cerebrum  enter  into  the  substance  of  the  corpora  quadri- 
gcniina,  on  which  account  these  processes  were  called  '  crura 
cerebelli  ad  corpora  quadrigeminu'  [or  '  ad  testes'].  1  was  the 
first  who  showed  (*  Bemerkungen/  etc.,  p.  40)  that  this  is  a 
mistake,  and  that  these  medullar}'  processes  pass  under  the 
corpora  quadrigemina  with  a  view  of  reaching  the  '  tegmentum  ' 
of  the  crura  cerebri  Stilling  ('  Ueber  die  Brucko/  etc.)  con- 
firmed my  observation  "  (p.  720). 

67.'3c.  MEySEUT.* — "A  'processus  corporis  quadrigemini  ad 
cerebellum*  certainly  exists,  probably  made  up  of  fibres  from 
the  brachia  after  their  decussation ;  although  this  designation 
is  by  no  means  deserved  by  the  tract  to  which  it  is  usuallj 
given — the  *  processus  cerebelli  ad  cerebrum  '[formerly  'ad 
testes*].  It  properly  belongs  to  the  fnpnulum  of  the  valve  of 
Vieussens,  which  consists  demonstrably  of  two  similar  halves, 
and  which  runs  by  way  of  the  valve  of  Vieussens  into  the 
superior  vermiform  process  of  the  cerebellum"  (p.  700). — "The 
valve  of  Vieussens,  the  prolongation  of  the  fraenulum  veil 
medullaris,  is  the  part  that,  as  Arnold  has  shown,  really  desen'cs 
the  designation  of  *  processus  cerebelli  ad  corpus  quadrigennuum ' 
which  has  been  wrongly  applied  to  the  'processus  cerebelli  ad 
cerebrum'  (p.  713). 


'  Arnold  iF.).  "  UandbuchderAnatonu'edeftMenAchen,^  Vol.  III..  Section 
ii.      Freiburg,  ISTja. 

*  Mcyuert(J.).  **  The  Brain  of  MammalB."  translated  by  Jkitica.!.  PutiiMB; 
in  £3thtiicer'«  *'  M&noAl  of  Histology,"  Arocric&n  edition,  New  York,  1872. 
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"The  tiwlei  d^ntati  discovered  by  Vieussens  are  situated 
near  the  lower,  medutlateil  surface  of  the  cerebellum,  which 
roofs  over  the  fourth  ventricle.  This  body  consists  of  lamellae 
of  grey  substance  0  3mm.  in  thickness,  which  in  man  are 
thrown  into  intricate  folds;  and  each  of  them  is  provided,  on 
its  lower  and  inner  surface,  with  a  hilus  through  which  nerve- 
fibres  find  admission.  .  .  .  The  nuclei  tegmenii  of  Stilling  are 
two  rounded  masses,  which,  in  the  human  cerebellum,  lie  be- 
neath the  central  lobe  of  the  superior  vermiform  process.  Seen 
from  above,  they  have  a  rhomboidal  shape.  They  measure 
5mm.  in  length  and  breadth  by  2mm.  in  thickness.  .  .  .  They 
are  made  up  of  large  elongated  nerve-cells,  G^/i.  in  length  by 
15/1.  in  breadth  (p.  754). 

"  FibnB  proprice. — What  we  know  of  the  course  of  the  nerve- 
fibres  in  the  cerebellum  is  but  fi-agmentary  and  general  .  .  . 
Still  it  is  established  beyond  question  that  there  exist,  within 
the  medullary  substance  of  this  organ,  systems  of  Jibrce  propricd^ 
that  is,  fibres  which  have  their  origin  and  terminatioa  within 
the  cerebellum  itself,  besides  the  systems  of  fibres  which  belong 
to  the  peduncles  which  pass  to  ditfcrcnt  regions  of  the  caudcx, 

"5u?y/«cA,  J.rno/rf,  and  Siillivfj  have  all  taken  cognizance 
of  the  fibne  proprije  in  general,  that  ia,  bundles  of  fibres  pass- 
ing festoon-like,  from  convolution  to  convohition,  along  the 
surface  of  the  cortex,  disposed  in  delicate  lamina?.  Stilling 
describes  further  certain  comprehensive  special  systems  of  fibnc 
propriae,  which  unite  togetlier  more  distant  regions  of  the  cortex 
cerebelli.  He  desicrnate-s  them  as  median  faaciculL  An  anterior 
division  of  these,  split  into  two  parts,  by  the  shortest  path  imder- 
neath  the  nivd^u^  tegmenU\  runs  directly  from  the  anterior 
regions  of  the  superior  vermiform  process  to  the  lobuli  of  the  in- 
ferior vermicu lar process,  that  is, from  the  lingxda  to  the  iutdulus. 
Another  division  of  these  median  fasciculi,  likewise  divided  into 
two  parallel  parts,  the  course  of  which  is  concentric  with  that  of 
the  first  division  and  embraces  the  same,  at  first  runs  backward 
in  a  curve,  the  convexity  of  which  is  directed  upwards  towards 
the  fiufierior  vermiform  process,  and  thru  brnd«  forwaxti  oi^aiu 
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in  onler  to  terminate  in  the  most  anterior  of  the  convolutions 
of  the  inferior  vermiform  process,  thus  bringing  the  latter  for 
the  second  time  into  connection  with  the  most  anterior  convolu- 
tions of  the  superior  vermiform  process,  though  by  a  very 
circuitous  route.  Besides  these  systems  of  fibres,  the  cerebellum 
encloses  also  a  considerable  mass  of  iran^vtrie  carrtviiesural 
jihres,  which,  like  the  corpus  callosum  of  the  cerebrum,  probably 
unite  together  exactly  symmetrical  regions  of  the  two  hemi- 
spheres (pp.  7t54,  75o). 

"The  pcdunculi  or  proceastts  cerebdll. — So  far  as  these 
tracts  lie  within  the  limits  of  the  cerebellum,  the  processus  ad 
poutevi,  and  certainly  a  large  part  of  the  corpus  rcBtifonne 
(outer  division  of  the  processv^  ad  vwdullam)  follow  a  very 
simple  course.  Their  component  fibres  decussate,  before  reach- 
ing the  cerebellum  itself.  Having  entered  the  cerebellum,  up  to 
the  moment  of  their  entrance  into  the  cortical  substance,  they 
remain  confined  each  to  its  own  side ;  although,  no  doubt,  in  so 
far  as  they  enter  into  connection  with  the  median  regions  of  tho 
cortex,  a  part  of  their  fibres  run  inwards  as  if  about  to  decussate. 
The  relative  position  which  the  peduncles  occupy  within  the 
cerebellum  itself  is  dcterniiued  by  the  situation  of  the  masses 
of  grey  substance,  in  which  they  respectively  terminate.  The 
processua  ad  pmiievi  and  the  corpim  reatifonne  enter  into 
connection  solely  with  the  cortex ;  while  the  processus  ad 
cevebrxtm  becomes  connected  primarily  with  the  nucleus 
dentatus;  and  the  inner  dlvis-io'ii  of  Uie  processus  ad  inedullaw, 
with  the  nucleus  tegmenti. 

"  Now,  since  the  cortex  occupies  the  most  external  position 
of  all  the  grey  masses^  while  the  nucleus  dentatus  lies  more 
centrally,  between  the  cortex  and  the  nucleus  tegmenti  which 
is  the  innermost  of  all — it  is  evident  that  the  medullary  sub- 
stance of  the  cerebellum  must  be  divided  up  among  thedilFerent 
]}eduncles  in  such  a  manner  that  ns  outermost  regions  are  occu- 
pied by  the  processus  ad  pen  tem  and  the  corpus  rest iformo. its  cen- 
tral  regions  by  the  processus  ad  cerebrum,  its  iniiennost  regions 
by  the  inner  division  of  the  processus  ad  medullam  "(p.  7oS)] 
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674.  Although  the  cerebellum  seems  to  be  a  more  compact 
body  than  the  cerebrum,  it  is,  nevertheless,  just  as  capable  of 
motion  ;  for  it  has  the  capability  of  eKpanding  and  of  approach- 
ing the  fossje  and  walls  of  the  occipital  bone,  and  again  of 
receding  therefrom,  and  thus  of  becoming  constricted-  The 
dura  mater,  which  is  attached  to  the  bones  of  the  cranium,  does 
not  offer  any  obstruction,  for  it  is  loosened  from  the  pia  mater 
underneath,  and  at  some  distance  from  it  The  interior  lamina 
of  the  dui^a  also  is  slipper\'  and  polished,  as  though  smoothed 
by  the  cerebellum  constantly  pressing  against  it,  and  again 
receding  from  it  l^or  can  any  glutinous  humour  of  whatever 
kind,  that  is,  a  humour  of  the  kind  which  sometimes  infests  the 
surface  of  the  cerebrum,  clog  up  the  intervening  space:  fur  as 
soon  as  it  begins  to  collect  from  any  cause  whatsoever,  it  is 
discharged  at  once  through  the  foramen  magnum  of  the  occipital 
bone.  That  the  cerebellum  is  as  active  as  the  cerebrum,  and 
swells  in  alternate  periods,  appears  from  its  cortical  substance ; 
for  this  substance  is  more  abundant  in  the  cerebellum  than  in 
the  cerebrum,  and  is  implanted,  and,  as  it  were,  inosculated  in 
its  least  subdivisions  and  folia.  Now,  inasmuch  as  the  cortical 
substance  is  the  principle  and  beginning  of  every  motion  in  the 
cerebrum,  it  is  so  likewise  in  the  cerebellum;  wherefore,  since 
this  organ  is  capable  of  motion  and  expansion  in  each  of  its 
parts,  it  must  possess  this  capacity  also  as  a  whole.  This  is  the 
cause  why  the  cerebellum  is  divided  into  perpetual  sulci, 
circles  and  ridges,  almost  down  into  its  very  innermost  ports; 
and  this  circumstance  consequently  imparts  to  it  the  faculty  of 
being  folded  together,  and  of  unfolding;  for  its  medulla  is 
scanty,  and  besides  is  interlarded  with  frequent  little  spaces  and 
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nooks  for  the  blood.  These  little  spaces  are  exhibited  clear! j  to 
the  sight  in  the  plates  of  the  author,  by  an  appearance  of 
shading  between  the  branches  of  the  [medullary]  tree.  From 
these  and  other  similar  forces  a  full  faculty  of  expansion  and 
constriction  seems  to  be  derived  to  the  cerebellum. 

075.  But  let  us  treat  of  the  mode  in  which  the  cerebellum 
ims  to  be  able  to  unfold  itself  in  every  direction,  in  breadth 
AS  well  as  in  length  and  depth,  that  is,  in  accordance  with 
every  dimension  of  its  body,  preserving  all  the  while  its  shape, 
except  at  its  base  where  it  presses  upon  the  cAudex  of  the 
medulla  oblongata,  or  where  the  protuberances  [i.c?.,  the  parts 
around  the  horizontal  fissure,]  and  the  vermiform  processes  are 
situated.  The  most  general  gyres  or  strata  of  the  cerebellum, 
the  furrows  of  which  are  drawn  over  its  superior  and  posterior 
convexity,  distinguishing  it  in  this  wise,  can  be  drawn  apart,  and 
can  meet  again  only  in  one  simple  way,  namely,  as  far  as  their 
parallel  circles  or  strata  extend ;  but  when  they  converge  towards 
the  anterior  side  of  the  organ,  they  insinuate  themselves  into 
other  gyres  which  run  obliquely,  and  finally  they  follow  a 
transverse  direction,  with  a  view  of  constricting  themselves  into 
their  vermiform  process,  yet  still  observing  a  parallel  arrange- 
ment The  protuberances  which  are  there  fastened  to  the 
organ,  and  of  which  three  are  manifest  to  the  eye  [i.e.,  (1)  the 
biventral  and  slender  lobes;  (2)  the  antero-superior  or  quadnite 
lobe;  and  (3)  the  Hocculus],  fold  into  one  another  and  arc 
articulated  muttially,  so  as  to  wind  themselves  in  a  suitable 
maimer  into  the  general  sphere,  that  is,  ioto  the  mass  of  the 
whole  organ. 

This  is  also  shown  by  the  plates  of  the  authors  [especially 
Duvemey's],  where  this  side  of  the  cerebellum  is  represented 
exactly  like  a  napkin  twisted  into  folds,  or  like  a  wrinkled  fore- 
head which  ordinaril}'  exhibits  a  smooth  surface.  From  such  a 
con6gtiration  of  its  surface  there  results  a  like  faculty  of  all  the 
parts,  and  from  the  faculty  an  action.  For  the  production  of 
this  result,  this  lower  side  of  the  cerebellum  is  subdivided  into 
these  protuberances  or  "  epispho^na,"  and  it  is  also  constricted 
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into  the  two  vemiiforru  processes.  Poles  also  are  described  in 
addition,  and  from  the  poles  tliere  are  spiral  transits  into  these 
wornis  or  vermiibnn  processes;  and  neither  of  these  transits  is 
furrowed  and  cut  in  exactly  the  same  manner  as  the  other. 
On  this  account  also  certain  rhomboid  bodies  [the  flocculi],  like 
regulators  of  the  expansion,  are  thrown  across  diagonally, 

076.  The  cerebellum  thus  is  rendered  capable,  throughout 
its  length  and  breadth,  not  only  of  unfolding  its  own  organ  and 
its  whole  mass,  lobes,  and  laniinic,  but  also  of  determining  the 
sphere  of  its  activity  into  every  stem,  branch  and  twig  soever  of 
its  medullary  tree,  and  consequently  into  the  fibres  of  every 
nerve  soever  which  springs  from  its  medullik  This  determina- 
tion results  entirely  from  the  power  it  has  of  varying  its  form. 
By  means  of  this  faculty  also  the  cerebellum  disposes  aptly  all 
little  arteries  whatsoever,  which,  in  the  form  of  plexuses,  creep 
through  the  surface  of  its  pia  mater,  and  flow  through  its 
laminated  interstices,  so  that  the  blood  in  a  sure  direction  is 
carried  to  every  particle  of  the  cortex,  and  that  not  even  the 
very  inmost  particles  of  the  latter  are  destitute  of  their  supply, 
and  that  each  particle  has  thereby  imparted  to  it  the  power  of 
acting  upon  the  6bre  which  is  attached  to  it 

677.  When  a  motion,  however,  is  given,  the  direction  of  the 
motion  is  likewise  given  ;  and,  indeed  its  direction  into  the 
essential  parts  of  its  body,  that  is,  not  only  into  the  arteries 
and  into  the  cortex,  but  thence  also  into  every  fibre  which  pro- 
ceeds ft'om  the  cortex,  and  consequently  into  the  medullary 
trunk  of  the  cerebellum  which  is  cloft  on  either  side  into  three 
processes  or  peduncles.  All  this  variety  of  form  which  exists  on 
the  surface  of  the  cerebellum  is  thus  determined  into  a  common 
medullary  trunk,  and  thence  into  the  dt-rivativo  peduncles  and 
nerves.  In  order,  therefore,  that  the  peduncles  may  be  extended 
in  a  becoming  manner,  and  again  retracted,  they  are  planted  in  a 
certain  cleft,  that  is,  in  the  edges  of  the  fourth  ventricle.  These 
edges  by  the  inten'ening  cavity,  according  to  their  nature,  are 
able  to  be  drawn  apart  and  again  to  be  compressed.  Without 
a  cavity  which  may  be  thus  stretched  apart,  and  without  such 
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an  irmdication  of  its  peduncles  in  its  edges,  the  mass  of  the  cere- 
bellum could  not  by  any  means  be  expanded  and  constricted; 
for  should  it  attempt  such  a  motion,  no  active  force  would  result 
thence.  The  peduncles  also,  near  the  point  where  they  are 
inserted  [in  the  ventricle],  are  a  little  drawn  apart,  so  that 
by  the  expansion  of  the  ventricle  they  are  pulled  apart  in  a 
suitable  manner ;  as  appears  from  the  plates  of  the  authors 
which  are  drawn  from  nature. 

673.  The  cerebellum  can  be  expanded  and  constricted  only 
at  those  periods  when  the  cerebrum  also  undergoes  the  same 
motions:  for  the  cerebellum  and  cerebrum  are  so  conjoined,  and 
again  distinct  from  each  other,  that  the  one  communicates  its 
motion  to  the  other;  unless  one  against  its  own  will  is  unable 
to  act  with  the  other.  This  is  made  evident  from  their  mutual 
connection.  The  only  thing  intervening  between  them  is  the 
septum  called  tentorium,  which  is  robust  anJ  quadruple,  so  that 
it  is  able  to  approach  cither  organ.  The  posterior  part  of  the 
cerebrum  only  is  recumbent  upon  it ;  and  it  is  attached  in  some 
places  to  the  surface  of  the  cerebellum,  but  not  to  its  fibres. 
The  lateral  sinuses  also,  which  receive  the  blood  of  the  cerebrumj 
OS  well  as  of  the  cerebellum,  intervene  between  the  two  organs; 
but  they  are  gradually  being  subjected  to  the  government  of 
the  cerebellum,  which  in  the  end  governs  altogether  their 
widened  ends  or  receptaclea  The  straight  sinus  too  is  inter- 
mediate between  the  two  organs ;  but  it  is  mainly  attached  to 
that  process  of  the  dura  mater  which  belongs  to  the  cerebellum. 
The  artery  of  the  cerebrum,  that  is,  the  internal  carotid,  also 
intercommunicates  by  its  trunks  and  branches  with  the  artery 
of  the  cerebellum,  that  is,  the  vertebral  artery:  for,  on  approaching 
the  triple  choroid  plexuses,  through  anastomoses  in  the  corn- 
pages  of  the  cerebrum,  they  mix  their  blood.  Both  organs  are 
also  consociated  by  fibres  in  each  of  the  processes  or  peduncles, 
namely,  in  the  first  which  ascends  from  the  cerebellum  towards 
the  corpora  quadrigemina;  in  the  t»ccond  which  builds  up  the 
poDS  Varolii ;  and  likewise  in  the  third  or  restiform  process 
which  descends  into  the  spinal  marrow.    They  are  consequently 
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into  tho  two  vermiform  processes.  Poles  also  are  described  iu 
addition,  and  from  the  poles  there  are  spiral  transits  into  these 
worms  or  vermiform  processes ;  and  neither  of  these  transits  is 
furrowed  and  cut  iu  exactly  the  same  manner  as  the  other. 
On  this  account  also  certain  rhomboid  bodies  [the  floccuti],  like 
regulators  of  the  expansion,  are  thrown  across  diagonally. 

676.  The  cerebellum  thus  is  rendered  capable,  throughout 
its  length  and  breadth,  not  only  of  unfolding  its  own  organ  and 
its  whole  mass,  lobes,  and  laminae,  but  also  of  determining  the 
sphere  of  its  activity  into  every  stem,  branch  and  twig  soever  of 
its  medullary  tree,  and  consequently  into  the  fibres  of  every 
nerve  soever  which  springs  from  its  medulla.  This  dctenniua- 
tion  results  entirely  from  the  power  it  has  of  varying  its  form. 
By  means  of  this  faculty  also  the  cerebellum  disposes  aptly  all 
little  arteries  whatsoever,  which,  in  the  form  of  plexuses,  creep 
through  the  surface  of  its  pia  mater,  and  flow  through  its 
laminated  interstices,  so  that  the  blood  iu  a  sure  direction  is 
carried  to  every  particle  of  the  cortex,  and  that  not  even  the 
very  inmost  [^articles  of  the  latter  are  destitute  of  their  supply, 
and  that  each  particle  has  thereby  imparted  to  it  the  power  of 
acting  upon  the  fibre  which  is  attached  to  it 

677.  When  a  motion,  however,  is  given,  the  direction  of  the 
motion  is  likewise  given;  and,  indeed  it'^  direction  into  the 
essential  parts  of  its  body,  that  is,  not  only  into  the  arteries 
and  into  the  cortex,  but  thence  also  into  every  fibre  which  pro- 
ceeds from  the  cortex,  and  consequently  into  the  medullary 
truuk  of  the  cerebellum  which  is  cleft  on  either  side  into  tha^e 
processes  or  peduncles.  All  this  variety  of  form  which  exists  on 
the  surface  of  the  cerebellum  is  thus  determined  into  a  common 
medullary  trunk,  and  thence  into  the  dr'rivative  peduncles  and 
nerves.  In  order,  therefore,  that  the  peduncles  may  be  extended 
in  a  becoming  manner,  and  again  retracted,  they  are  planted  in  a 
certain  cleft,  that  is,  iu  the  edges  of  the  fourth  ventricle.  These 
edges  by  the  intervening  cavity,  according  to  tht-ir  nature,  ana 
able  to  be  drawn  apart  and  again  to  be  compressed.  Without 
u  cavity  which  may  be  thus  stretched  apart,  and  without  such 


AN-ALYSIS. 


273 


an  inradicatioa  of  its  peduncles  in  its  edges,  the  moss  of  the  cere* 
bellum  could  uot  by  any  meaus  be  expanded  and  constricted; 
fur  should  it  attempt  such  a  motion,  no  active  force  would  result 
theuct\  The  pedunclos  also,  near  the  point  where  they  are 
inserted  [in  the  ventricle],  arc  a  little  drawn  apart,  so  that 
by  the  ejcpaosion  of  the  ventricle  they  are  pulled  apart  in  a 
suitable  manner;  as  appears  from  the  plates  of  the  authors 
which  are  drawn  from  nature. 

678.  The  cerebellum  can  be  expanded  and  constricted  only 
at  those  periods  when  the  cerebrum  also  undergoes  the  same 
motions:  for  the  cerebellum  and  cerebrum  arc  so  conjoined,  and 
again  distinct  from  each  other»  that  the  one  communicates  its 
motion  to  the  other ;  unless  one  against  its  own  will  is  unable 
to  act  with  the  other.  This  is  made  evident  from  their  mutual 
connectiou.  The  only  thing  intervening  between  them  is  the 
septum  called  beutorium,  which  is  robust  and  quadruple,  so  that 
it  is  able  to  approach  either  organ.  The  posterior  part  of  the 
cerebrum  only  is  recumbent  upon  it ;  and  it  is  attached  in  some 
places  to  the  surface  of  the  cerebellum,  but  not  to  its  fibres. 
The  lateral  sinuses  also,  which  receive  the  blood  of  the  cerebrum, 
as  well  as  of  the  cerebellum,  intervene  between  the  two  organs ; 
but  they  are  gradually  being  subjected  to  the  government  of 
the  cerebellum,  which  in  the  end  governs  altogether  their 
widened  ends  or  receptacles.  The  straight  sinus  too  is  inter- 
mediate between  the  two  organs ;  but  it  is  mainly  attached  to 
that  process  of  the  dura  mater  which  belongs  to  the  cerebellum. 
The  artery  of  the  cerebrum,  that  is,  the  internal  carotid,  also 
intercommunicates  by  its  trunks  and  branches  with  the  artety 
of  the  cerebellum,  that  is,  the  vertebral  artery :  for,  on  approaching 
the  triple  choroid  plexuses,  through  anastomoses  in  the  com- 
pages  of  the  cerebrum,  they  mix  their  blood.  Both  organs  are 
also  consociated  by  fibres  in  each  of  the  processes  or  peduncles, 
namely,  in  the  iirst  which  ascends  irom  the  cerebellum  towards 
the  corpora  quadrigomina ;  in  the  second  which  builds  up  the 
pons  Varolii ;  and  likewise  in  the  third  or  restiform  process 
which  descends  into  the  spinal  marrow.     They  are  consequently 

s 


'74 


THE  CEREBELLUM. 


consociated  in  the  two  general  mcdullapj  the  medulla  oblongata, 
and  the  spinal  marrow ;  and  thu8  in  everj  one  of  the  nerves 
which  are  diffused  thence  through  the  lower  provinces  of  the 
body.  The  tibre  of  the  cerebellum  also  seems  to  cross  over 
into  the  very  region  of  the  cerebrum,  or  under  this  region  into 
that  which  belongs  to  the  thalami  optici ;  without  mentioning 
the  valve  of  Vicussens,  which  is  the  common  barrier  between 
the  jurisdiction  of  each.  From  all  this,  that  is,  from  the  septa, 
arteries,  veins,  and  tlbres,  and  at  the  same  time  from  the 
isthmus  which  intervenes  between  the  two  organs,  it  appears 
very  plainly  that  the  two  brains  are  conjoined,  although 
separated  at  the  same  time,  and  that  their  conjunction  is  such 
that  one  cannot  be  expanded  and  constricted  except  synchron- 
ously with  the  other;  or  again,  that  in  instituting  the  periods 
of  their  motion  they  never  collide.  Nevertheless,  this  mutual 
arrangement  is  such,  that  the  cerebellum  is  bound  to  act  when 
the  cerebrum  sees  tit;  although  from  the  necessity  imposed 
upoa  these  organs  by  their  conjunctions,  the  cerebellum  seems 
to  extend  the  sphere  of  its  activity  to  the  members  and  organs 
of  the  cerebrum,  and  to  its  chymical  labnratory. 

679.  This  applios  in  respect  to  the  periods  of  the  motion, 
but  in  respect  to  its  quality,  the  cerebellum  is  more  constant 
in  the  observance  of  these  periods,  and  it  accomplishes  its 
motion  in  a  form  more  accommodated  to  the  state  of  the  body 
than  the  cerebrum.  For  this  latter  organ,  especinlly  when  in  a 
state  of  wakefulness,  and  when  intent  upon  anytliing,  v&  wont 
to  display  great  inconstancy  ;  at  one  time,  namely,  it  rises  higher 
and  transgresses  its  limits,  and  at  another  it  breathes  more 
tranquilly,  and,  as  it  wore,  tacitly;  at  another  time  again  it 
swells  only  slightly  beyond  the  outer  covering  of  its  surtuoe 
[viat.,  the  arachnoid  membrane] — altogether  according  to  the 
impulses  and  affections  of  the  lower  animal  mind  sviggested  by 
the  ideas  of  the  intellectual  mind.  For  in  anger  the  cerebrum 
seethes  and  strikes  against  the  walls  of  the  sinuses*  but  in 
sadness  and  grief  it  is  compressed,  and  lies,  as  it  were,  prostrate 
ou  the  ground;  thus  it  is  in  the  remaining  states  which  either 
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stimulate  or  retard  its  motion.  An  image  of  the  animations  of 
the  cerebrum  is  presented  to  the  life  bj  the  respirations  of  tha 
lungs ;  for  these  two  organs  agree  not  only  iu  tho  times,  but 
also  iu  the  degrees  of  their  motion.  The  cerebrum  may  be 
compared  to  an  ocean  lashed  by  an  angry  wind  and  raised  into 
fierce  waves,  but  the  waves  of  which  are  anon  smoother,  or  laid 
by  a  gently  blowing  zephyr.  With  the  cerebellum  the  case  is 
different,  for  although  it  is  so  leagued  with  the  cerebrum  that 
it  can  move  only  synchronously  with  the  latter  organ,  still  it 
preserves  more  evenly  the  degrees  of  its  expansion,  and  does 
not  rise  any  higher  nor  subside  any  lower,  except  when  urged 
by  a  natural  necessity.  This  is  also  confirmed  by  the  mutual 
relation  existing  between  them,  for  when  the  cerebrum  awakes, 
and  becomes  intent,  and  when  it  opens  the  roads  for  the  recep- 
tion of  impressions  received  by  the  senses,  it  raises  itself,  as  ic 
were,  higher;  and  that  part  of  the  tentorium,  which  belongs  to 
the  cerebrum,  this  latter  organ  draws  nearer  to  itself;  it 
abandons,  so  to  say.  the  lateral  and  the  straight  sinuses,  and 
consigns  them  to  the  government  of  the  cerebellum  ;  it  submits 
the  vertebral  artery  to  the  auspices  of  the  cerebellum  only; 
and  as  to  the  fact  of  the  cerebral  and  cerebellar  fibres  being 
conjoined,  this  does  not  impose  upon  either  brain  the  degrees 
of  motion  of  the  other,  for  theso  conjunctions  are  without  and 
outside  the  cerebellum.  The  extreme  edges  of  the  cerebrum, 
however,  which  rest  upon  the  cerebellum,  seem  to  make  a 
common  cause  with  the  cerebellum,  for  the  cortical  or  grey 
substances  in  these  edges  are  not  expended  on  the  senses;  the 
same  method,  indeed,  is  followed  in  the  arrangement  of  thesL* 
substances  in  tho  outlying  parts  of  the  cerebrum,  which  is 
followed  also  in  the  cerebellum ;  nor  are  these  parts  arranged 
into  tori,  clusters  and  convolutions,  surrounded  with  anfractuous 
foUU  almost  ad  libitum  ;  they  are  unable  to  acceleraU\  and  then 
kin  to  retard  their  movements,  as  is  the  cose  with  those 
cortical  substances  which  are  in  the  convex  circumference  of 
the  cerebmm.  On  this  account  also  these  edges  of  the  cerebrum 
have  their  places  assigned  to  them  over  the  ccrobellum,  so  that 
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they  may  perform  their  motions  evenly  and  constantly,  as  does 
the  subjacent  cerebellum. 

6S0.  The  cerebellum  cannot  help  feeling  and  becoming 
thoroughly  seusible  of  everything  that  ever  takes  place  in  the 
body  and  in  its  minutest  parts,  for  it  is  furnished  with  an 
abundant  grey  substance  distributed  in  a  most  regular  order, 
and  it  is  the  cortical  substance  itself  which  feels  and  dctennines 
actions.  Three  nerves  chiefly  originate  from  the  medulla  of 
the  cerebellum,  namely,  the  nerve  of  the  eighth  pair  of  Willis 
or  nervus  vagus  [that  is.  the  pneumo-gastric  nerve],  the  inter- 
costal or  great  Bynipathetic  nerve,  and  the  norve  of  the  fiilh 
pair  [i.e.,  the  trifacial  or  trigeminal  nerve],  which  arc  the  most 
general  nerve-s,  and  are  called  sympathetic  There  are  also 
three  piincipal  bratiches  which  make  up  the  trunk  of  the 
arbor  vU(e ;  and,  again,  there  are  three  processes  or  peduncles 
into  which  the  medullary  trunk  is  divided.  That  the  above 
nerves  are  nerves  proper  to  the  cerebellum  cannot  be  shown 
from  the  course  of  the  fibres,  but  from  the  offices  they  perform 
in  the  outermost  parts,  that  is,  in  tlie  body.  These  nerves  are 
inserted  in  every  one  of  the  most  simple  parts  and  connec- 
tions of  each  viscus,  muscle  and  gland  of  the  body,  and  they 
weave  and  construct  the  very  inmost  textures  of  the  same; 
wherefore  nothing  whatever  can  happen  therein  Avhich  does  not 
creep  up  at  ouce  through  the  fibres  of  these  nerves,  and  also 
through  the  rest  of  the  fibres  with  which  the  cerebellum  ia 
connected,  even  to  the  principles,  tliat  is,  to  the  grey  substance 
of  the  cerebellum,  in  order  to  report  there  the  condition  of  the 
ultimate  or  outermost  things  in  the  least  and  greatest  parts  [of 
the  body]. 

6Sla.  As  soon  as  this  cortical  or  grey  8ul>rtance  becomes 
aware  of  the  state  of  the  ultimate  parts,  and  the  changes  wrought 
therein,  it  immediately  puts  on,  as  it  were,  a  corresponding 
analogous  state  and  complexion,  and  disposes  itself  in  agree- 
ment therewith;  for  the  perfection  of  the  purer  substances 
consists  in  this,  that  they  are  able  to  undergo  and  to  put  on 
ioaumerable  changes  of  state  which  result  in  sensation,  percep- 
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tion  and  many  other  operations,  concerning  which  we  shall 
treat  in  our  Rational  and  Experimental  Psychology.  Accord- 
ing to  the  quality  of  the  state,  therefore,  which  is  put  on  by 
every  individual,  cortical  substance,  is  also  the  quality  of  the 
universal  state  which  is  induced  upon  the  cerebellum,  for  the 
universal  derives  its  state  from  the  singulars,  or  the  general 
from  the  parts.  It  has  been  pointed  out  above  that  the  cere- 
bellum ia  able  to  change  its  state  in  a  variety  of  ways  by  a 
change  in  its  form ;  consequently,  by  this  same  faculty  it  lends 
ltd  aid  to  the  singulars,  that  is,  to  the  individual  parts  in  the 
body,  namely,  through  a  determination  of  its  operation  into 
corresponding  fibres  whereby  it  preserves  them  in  a  state  of 
integrity,  remedies  their  prostrate  condition,  and  does  all  those 
things  which  are  usually  attributed  to  the  beneficent  action  of 
nature.  All  these  things,  however,  do  not  reach  our  conscious- 
ness, wherefore  we  know  nothing  respecting  them  ;  couse(|uently, 
also,  they  do  not  depend  upon  the  judgment  of  our  mind  or 
upon  our  will.  The  acts  of  the  cerebellum  are  therefore  called 
natural,  and  those  of  the  cerebrum  voluntar}'.  Still,  in  what 
way  the  acts  of  one  brain  follow  nature  as  a  leadur,  and  those 
of  the  other  the  will ;  or,  again,  how  it  is  that  the  acts  of  the 
one  are  hidden  from  sense,  even  from  the  most  interior,  while 
those  of  the  other  are  open  and  manifest — this  cannot  be  inves- 
tigated nor  demonstrated  intelligibly,  except  by  instituting  an 
accurate  comparison  of  the  two  brains,  and  unless  we  anticipate 
some  things  from  our  psychology  and  introduce  them  here. 

6816.  The  cerebrum  is  diflferently  formed  from  the  cerebellum, 
for  it  consists  of  innumerable  glomes  or  conglomerated  cortical 
corpuscles.  These  glomes  are  mutually  connected,  and,  as  it 
were,  concatenated,  whence  there  arise  clusters,  convolutions, 
forms  like  those  of  the  intestines,  anfractuosities  and  a  gyrated 
surface.  Each  conglomerate  corpuscle  of  this  kind,  or  each 
glome  which  is,  as  it  were,  a  link  in  that  chain,  represents  the 
cerebellum  in  a  lesser  form,  for  it  is  such  in  a  smaller  form  as 
the  cerebellum  itself  is  in  a  larger  form,  so  that  each  of  them 
deserves  to  be  called  a  diminutive  cerebellum,  or  a  likeness  of 
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the  cerebellum.  For  every  one  of  them  is  separated  in  a  certain 
measure  from  the  rest,  and  is  situated  within  its  own  Httlo 
space,  or  enjoys  its  own  compartment — yet  being  still  couso- 
ciated  with  the  neighbouring  glomes,  and  through  them  with 
those  which  arc  more  remote.  It  is  surrounded  by  its  own 
membrane  which  is  soft,  dense,  reticular  and  vascular,  and 
consequently  it  is  kept  asunder  by  its  own  septum  or  little 
tentorium.  It  is  also  provided  with  its  own  little  artery  which, 
like  a  little  sinus,  is  enclosed  in  its  membrane.  Upon  being 
dissected,  it  exhibits  to  the  sight  a  little  tree  or  grove  just  like 
the  large  cerebellum;  consequently,  it  is  divided  into  similar 
laminiR  or  folia.  It  likewise  determines  its  medullary  portion 
into  certain  peduncles,  whence  there  proceed  at  once  composite 
fibres.  It  is  distinguished  from  neighbouring  glomes  by  an 
intervening  space  and  clefts,  so  as  to  enjoy  its  own  sphere  of 
activity.  Many  and  innumerable  such  glomes  are  mutually 
concatenated  with  each  other,  their  conjunction  being  not 
unlike  that  of  the  cerebrum  with  its  cerebellum;  whence  it 
follows  that  each  glome  of  this  kind  is  able  to  act  upon  the 
grey  envelope  of  the  cerebrum — especially  around  its  frontal 
prominences  (viAiihmit%) — both  individually  or  each  by  itself,  or 
again  in  conjunction,  that  is,  in  consort  with  the  neighbouring 
glomes,  wherefore  the  cerebrum  is  organized  of  a  great  many 
little  cerebellula. 

(iS2.  Now,  iuasmuch  as  in  the  one  cerebrum  there  arc  con- 
glomerated so  many  little  cerebellula,  and  as  they  are  mutually 
adjoined  to  each  other  so  as  to  form  serpentine  tracts,  it  follows 
thence  that  each  of  them  is  able  to  vary  its  forms,  and  change 
its  state  in  exactly  the  same  manner  as  the  large  cerebellum, 
and  indeed  more  perfectly  and  more  simply,  because  the  cortical 
substances,  of  which  it  is  organized,  are  scattered  over  a  larger 
space — although  the  connections,  outward  form,  and  smalhtr 
pi*otuberances  of  these  cerebeliula  or  glomes,  together  with  their 
]iivotJil  ])laces  and  poles,  have  nut  yet  been  observed  and  din- 
covered.  When,  therefore,  it  is  demonstrat^ni  that  each  single 
object  of  the  senses,  its  forces,  modes,  and  forms  through  tibr«4 
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penetrates  thither,  and  strikes  the  corticiil  substances  of  these 
fibres,  inducing  thereby  upon  these  little  cerebellula  an  analogous 
corresponding  variation  and  change  of  state  ;  and  if  it  is  further 
demonstrated  that  these  little  cerebellula  are  able  to  undergo  and 
to  put  on  innumerable  changes  of  state,  and  to  reproduce  them 
by  habit  and  training,  and  thus  to  run  through  an  infinite 
number  of  them,  and  that  those  ideas  which  are  called  material, 
and  which  correspond  to  the  objects  of  the  senses,  exist  there- 
from with  all  their  variety — then  I  believe  we  are  also  able  to 
demonstrate  that  the  cerebrum  possesses  the  power  of  senaating, 
noticing,  and  representing  to  itself,  by  imagination,  things  that 
liad  previously  been  objects  of  the  senses,  and  again,  that  it  has 
the  power,  by  running  through  states  with  which  it  has  once 
been  imbued,  of  reproducing  similar  ideas^  that  is»  remembering 
them,  and  finally  dctennining  actions  which  correspond  to  these 
ideas.  From  thence  it  follows  that  the  acts  of  the  cerebrum 
are  voluntary  ;  while  those  of  the  cerebellum,  which  is  one  such 
large  glome,  and  which  has  no  power  of  expanftiou  unless  the 
cerebrum  consent,  are  natural.  This  subject,  however,  1  was 
compelled  to  touch  upon  here  only  lightly  and  partially,  because 
it  belongs  to  Psychology.  Meanwhile  wo  learn  from  the  cere- 
bellum how  the  cerebrum,  by  the  changes  of  state  of  itg  parts, 
is  able  to  sensate  and  to  determine  ;  and  from  the  nexus  of  the 
parts  in  the  cerebrum,  how  it  is  that  the  cerebellum  is  unable 
to  make  manifest  any  of  those  exceedingly  pure  ideas  with 
which  it  is  a£fected. 

683.  From  all  this  it  appears  very  ])lainly  why  it  is  that  a 
cerebellum  is  always  adjoined  to  u  cerebrum ;  for  acting  from 
the  will,  and  acting  fnnn  nature,  are  two  distinct,  and  very 
often  discordant  things.  The  will,  indeed,  sometimes  runs 
counter  to  the  onier  of  nature  and  to  its  laws,  for  no  other  rulea 
and  truths  enlighten  its  path  than  such  21s  had  previously  been 
acquired  by  the  way  of  the  senses,  that  is,  a  poHUrlori  from  the 
nltitnate  things  of  the  world,  from  ejects  and  phenomena  which 
are  often  fallacious  and  disguise  the  truth.  When  these  things 
arts  considered  more  profoundly   they  givo  birth  to  principles 
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which  are  regarded  as  so  many  truths.  From  these  principles 
follow  the  order,  and  also  the  laws  of  the  order,  which  the  will 
observes  when  its  actions  are  being  determined.  When  such  a 
fatuous  light  enlightens  the  path  of  the  will,  it  can  very  easily 
be  concluded  of  what  character  the  government  of  the  body 
would  be,  should  it  be  administered  under  the  lead  of  the  will, 
and  not  under  that  of  nature;  especially  since  the  under- 
standing, and  thence  the  will  from  itself,  does  not  know  the 
most  simple  laws  of  nature  which  are  established  and  co-estab- 
lished in  itself,  and  also  in  its  body,  but  is  in  doubt  even  in 
respect  to  the  most  general  and  ultimate  things,  and  holds 
controversies  respecting  them.  Wherefore,  in  the  government 
of  the  purest  organisms,  and  thus  in  the  administration  of  its 
own  kingdom,  the  will  would  be  blinder  than  a  bat.  Unless, 
therefore,  a  cerebellum  were  adjoined  to  the  will,  that  is,  a 
second  brain  which  takes  cognizance  of  every  singular  thing  in 
the  body,  without,  however,  the  mind  becoming  conscious  of  it, 
and  which  constantly,  but  silently  and  quietly,  acts  according  to 
the  order  of  nature,  and  the  tenor  of  its  laws,  all  would  be  over 
in  a  moment  with  its  kingdom. 


APPENDIX  TO   CHAPTER  XXIV. 

THE  CEKEBELLUM.      (EXTRACTS  FROM  OTHER  PARTS  OF  THE 
AUTHORS  WRITINGS.) 

/.  FfSOAT  AN  EARUER    TREATISE  ON   THE  BrAIN} 


683flf,  The  cerebellum  is  a  siugle,  largest  glome  or  torus  of 
grey  substance,  and  it  acts  iu  one  single  and  oulj  mode  upon 
the  muscles  which  it  approaches  thniugh  its  nerves,  namely, 
through  tho  nervua  vagus,  the  great  sympathetic  nerve,  and  alt 
those  which  iu  due  order  are  procreated  out  of  its  restil'orm 
process  [in  the  spinal  cord].  And,  as  from  the  ecrebcUnm  we  are 
able  to  see  the  quality  of  the  particular  force  with  which  each 
glome  or  torus  in  the  cerebrum  acts  upon  its  tibres,  we  thus  see 
that  the  cerebellum  expands  and  constricts  itself  in  each  direc- 
tion, namely,  in  one  direction  from  its  upper  or  posterior  surface, 
and  iu  another  direction  from  its  lower  or  anterior  surface,  alto- 
gether in  the  direction  in  which  its  gyres  or  ridges  How,  antl  iu 
which  they  preserve  their  parallel  course.  The  gyres  of  its 
upfHjr  part  run  out  transversely,  those  of  its  lower  part  longi- 
ttidinally,  and  thus  in  an  opposite  direction  to  the  former.  The 
gj'res  in  each  part  terminate  in  the  vennicular  process  belonging 
to  each.  One  course  of  gyres,  however,  insinuates  itself  in  a 
wonderful  maimer  into  the  other  course,  and  in  either  hemi- 
sphere they  are  gathered  up  in  a  pole,  and  thence  are  continued 
into  the  vermicular  processes;  so  that  the  cerebellum,  in  a 
spiral  manner,  folds  itself  into  a  knot,  and  again  unfolds  itself: 
60,  indeed,  that  it  does  not  touch  and  move  the  medulla  oblon- 
gata,  which  is  attached  and  subjected  to  it,  in  any  other  manner 
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than  is  required  by  the  ratio  ot  its  compression.  This  ratio^ 
however,  consists  in  this,  that  anteriorly  it  only  folds  itself 
togothor,  but  docs  not  raise  or  expand  itself;  while  posteriorly 
it  not  only  folds  itself  together,  but  also  expands  and  elevates 
itself  This  same  effect  also  the  cerebelluui  communicates  to 
the  spinal  cord. 

Still  the  whole  of  the  sinuous  constriction  of  this  large  glome 
or  torus  is  directed  interiorly  into  one  general  medullary  tniuk, 
and  thence  into  the  processes  or  peduncles  into  w  hicli  it  is  cleft ; 
for  every  eyelet  or  bud  has  respect  to  its  twig,  every  twig  to  its 
branch,  and  every  branch  to  its  stem  which  is  threefold ;  but 
the  throe  stems  have  respect  to  their  trunk :  every  cortical  or 
grey  particle,  therefore,  has  respect  to  its  fibre,  and  all  grey 
particles  together  have  respect  to  their  fibrous  trunk,  which  the 
cerebellum  pulls  up,  that  is,  attracts  to  itself,  whenever  it  under- 
goes its  constrictive  motion.  With  this  faculty  of  attraction  the 
cerebellum  is  predicated;  for  its  medullary  trunk  jiassea  into 
the  medulla  oblongata  about  the  middle  of  the  fourth  ventricle, 
which  yields  on  either  side.  The  processes  or  pe<Juiicles,  besides, 
are  spread  apart  in  such  a  manner,  that  each,  when  puUcd, 
suffers  itself  to  be  attracted.  The  first  of  these  processes  then 
constricts  the  medulla  oblongata  under  the  corpora  quadri- 
geniiua;  the  second  process  produces  a  similar  effect  upon  it  in 
the  pons  Varolii — nevertheless  it  rather  pulls  the  medulla 
oblongata  downwards  [towards  the  spine]  than  upwards  [towuixis 
the  isthmus],  lest  the  anterior  surfaco  of  the  spinal  cord,  which 
arises  from  tlic  corpora  oiivaria  and  the  pyramids,  should  be 
pulled  up  as  well.  The  third  process  of  the  cerebelluui  draws 
the  lowest  part  of  tlie  fourth  ventricle  upwards  towards  the 
cerebellum ;  and  this  produces  a  corresponding  effect  upon  the 
posterior  surface  of  the  spinal  cord.  To  this  action  apply  them- 
selves the  vermicular  processes,  which  are  furrowed  in  a  like 
inunucr,  and  thus  they  apply  themselves  to  the  up]jer  part  of 
the  fourth  ventricle,  to  which  they  are  affixed. 
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3.  From  "  The  Economy  of  the  Animal  Kingdom.^ 

6836.  *'  The  braiu  in  the  intricate  conglobation  of  its  simple 
antl  primitive  substances  is  an  exemplar  and  effigy  of  all  the 
compo&itiou.s  and  derivations  to  be  found  in  the  body,  and  hence 
also  the  etiigy  and  exemplar  of  all  the  glands.  A  ejyhendc  of 
coi'tival  or  grey  tntfjttta'nce,coinipo8ed  of  vascular  threads  of  infinite 
minuteness,  aiid  endowed  with  recesses  from  which  fibrules  or 
permeable  lines  proceed,  is  not  a  gland  except  in  an  eminent  sense. 
The  spherules  and  porules  of  this  kind  are  conglomerated  into 
nuclei,  nodes,  or  cerebelhiles,  which,  in  the  Part  treating  on  this 

ibject  we  shall  call  cortical  tori  or  glotnes,  and  which,  both  in 

leir  smaller  effigy,  and  in  their  appearance,  altogether  resemble 
the  •  cerebelluu)/  such  as  it  is  in  its  larger  effigy  ;  and,  when  over- 
laid with  their  own  proper  membrane,  compose  another  degree  of 

>rtioul  spherules,  which  nevertheless  cannot  be  called  glands, 
ixccpt  by  way  of  anaU»gy,  From  these  again,  connected  to- 
gether in  the  form  of  a  spiral,  and  discriminated  into  separate 
convolutions,  all  overlaid  and  bound  together  with  a  double  or 
trijile  tunic  or  meninx,  the  cerebntm  is  produced;  and  thus  has 
ie  character  i.»f  a  great  or  principal  gland,  whose  larger  cavities 
the  lateral  ventricles,  the  third  ventricle  and  the  aqueduct; 
its  passage  are  the  foramina  called  foramen  auterius  or  Monroi, 
and  the  foramen  posterinai  its  excretory  is  the  infundibulum. 
fWhich  in  the  human  subject  is,  together  with  the  pituitary 
pland,  employed  to  discriminate  the  humours  which  ilow  into 
it  .  .  . 

"  Of  those  several  degrees  of  glands,  the  cerebeUnin  beionfjH  to 
the  becond,  because  it  is  homogeneous  to  the  second  degree  of 
glands,  or  to  the  cortical  tori  or  glomes  of  the  brain,  with  which 
it  corresponds  "  (I,  na  104). 

6H3c.  "  By  natural  instincts  I  mean  all  those  operations  which 
do  not  come  within  the  consciousness  of  the  mind,  or  to  its 
intuiUvQ  knowledge  or  perception:  such,  for  instance,  as  the 
economical  and  chemical  operations  of  the  animal  kingdom, 
among  which  we  may  enumerate  the  systole  and  diastole  of  the 
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heart  and  arteries;  those  laws  of  the  commixion,  diacriinina- 
tiou,  separation  and  elaboration  of  the  blood  which  are  recounted 
in  no.  199 ;  and  an  infinite  number  of  other  things  which  follow 
in  their  train.  Of  these  operations  the  certbellum  appears  to 
be  the  conductor;  and  it  acts  all  at  once  or  undividedly  out  of 
the  Gordian  knot  of  its  structure,  and  moreover  it  ia  an  organism 
of  the  second  degree  (no.  164).  But  not  so  the  cerebrum,  "which 
is  discriminated  into  innumerable  cortical  tori  or  glomes,  and  its 
orjjauism  carried  to  the  third  degree  of  composition  (no.  164).  all 
the  voluntary  operations  of  the  body  being  therefore  under  it. 
The  soul,  as  a  formative  substance,  is  bound  by  necessity  to 
adjoin  the  cerebellum  to  the  cerebrum  ;  so  that  the  greater 
part  of  the  economical  fuuctiuus  and  exercises  of  the  body  may 
be  referred  to  the  cerebellum,  lest  by  any  chance  the  cerebrum, 
when  intent  on  its  own  coneoms  an4l  reasons,  should  allow  the 
republic  to  fall  into  inactivity  and  ruin,  or  distract  and  destroy 
it  by  insurrectionary  motions,  or  by  allurements  and  cupidities" 
(L,  no.  269). 

GS3iI.  "All  the  fibres  of  the  cerebellum,  or  all  the  nerves 
arising  from  its  fibres,  such  as  the  great  sympathetic  and  the 
pneu  mo-gastric  nerves,  are  so  distributed  to  the  viscera  of  the 
body,  that  while  the  cerebellum  distends  them  by  its  spirituous 
fluid,  and,  as  it  were,  maintains  them  in  the  equilibrium  of 
general  pressure,  the  causes,  arising  on  the  part  of  the  body, 
excite  the  muscles  depending  upon  these  fibres  and  nerves  into 
the  motion  which  is  called  spontaneous,  their  natural  motion 
being  called  involuntary.  For  the  cerebellum,  unlike  the  cere- 
brum, cannot  animate  particularly,  since  it  has  no  cortical  tori 
or  gloiues  capable  of  being  elevated;  hence  it  cannot  animate 
from  a  will  distinctly  determined,  but  has  only  a  general  action, 
and  inspires  all  its  fibres  simultaneously"  (i.,  na  506). 

6S3c.  "The  cerebellum  seems  to  be  appointed  to  the  office 
of  the  general  administration  of  the  functions  in  the  animal 
economy  (while  the  cerebrum  is  employed  in  watching  over  the 
affairs  proper  to  its  own  system),  and  to  perform  its  aaimatory 
functions  more  slowly  and  silently.  .  .  . 
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Moreover,  the  cerebellum  furnishes  the  heart  itself,  that  is 
to  say,  its  veutricles  and  auricles,  the  large  arteries  and  veins, 
and  for  the  most  part,  also  tlic  minutest  arteries  and  veins  of 
the  body,  with  nerves  sent  out  from  its  medulla,  namely,  the 
X  sympathetic  and  par  vagnm,  which  are  the  offspring  of 
the  cerebellum.  .  .  .  But  although  the  cerebellum  is  all  in  all 
in  the  heart  and  larger  vessels,  yet  it  is  only  the  remote  cause 
of  their  pulsation,  for  it  only  produces  the  action  of  the  blood, 
which  is  itself  the  proximate  cause. 

"To  the  cerebellum  it  is  owing  that  all  things  in  the  body 
exist,  subsist,  and  are  capable  of  motion,  not  that  they  are  j)ut 
in  motion  by  any  act  of  the  cerebellum,  but  that  when  [mt  in 
motion,  they  are  by  its  act  continued  therein  "  (i.,  nos.  558,  550). 

683/  "Since  the  cerebellum,  with  uninterrupted  constancy, 
performs  its  animatory  motion  in  the  only  manner  proper  to 
itself,  and  nevertheless  transmits  its  fibre  into  all  the  viscera, 
each  of  which  is  moved  in  a  manner  different  from  the  other, 
as,  for  instance,  into  the  auricles  and  ventricles  of  the  heart,  it 
is  conse^piently  necessary  that  the  proximate  causes  of  their 
action  should  proceed  from  the  body,  and  that  the  office  of  the 
cerebellum  should  consist  only  in  preserving  its  nervous  fibre 
whole  and  liviug.  For  the  fibre  dies,  together  with  the  motion 
of  the  viscus  into  which  it  enters,  as  soon  as  the  cerebellum 
ceases  to  animate,  or  as  soon  as  it  is  compressed,  deprived  of  ita 
blood,  cut  in  pieces,  or  otherwise  injured"  (i.,  no.  561). 

CS3i7.  **  It  is  the  common  opinion  of  the  learned  that  the 
cerebrum  presides  over  the  voluntary  actions  of  the  body,  and 
the  cerebellum  over  the  natural,  or,  as  some  of  them  call  them, 
the  involuntary  actions. 

"  But  that  the  general  or  common  animation  of  the  cerebellum 
is  equally  voluntary,  when  that  of  the  cerebrum  is  voluntary,  is 
evident  from  this,  that  the  cerebellum  is  abundantly  endowed 
with  similar  cortical  substances  or  principles  of  nervous  fibrea 
Still  it  differs  from  the  cerebrum  in  this,  that  it  is  capable  of 
elevation  as  a  whole  or  in  general,  while  the  con*esj)onding 
masses  of  the  cerebrum,  and  which  as  minute  types  represent 
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the  grand  mass  of  the  cerebellum  (Ec.  ii.,  no.  150),  are  elevable 
one  by  one  or  in  part  So  that  the  cerebellum  enjoys  deter- 
minability  over  the  reciprocation  of  animation,  just  as  much  as 
the  single  masses  of  the  cerebrum.  And  heuce  it  is  that  the 
cerebellum  also  animates  synchronously  with  the  respiration  of 
the  lungs.  For  whenever  the  cortical  substance  is  so  fitted 
into  its  organ  as  to  be  expansible  with  it,  there  determinability 
is  enjoyed  according  to  the  same  will.  There  is,  therefore,  a 
voluntary  animation  of  the  cerebellum  in  general,  when  there 
is  a  voluntary  animation  of  the  cerebrum,  as  during  the  day, 
whenever  there  is  good  reason  that  the  will  should  be  carried 
forwards  into  act  by  a  general  aid.  But  at  night,  when  no 
particular  action  of  the  cerebrum  aubdistinguishes  and  gives 
perspicuity  to  the  general  action,  or  whon  nothing  c<:imes  from 
the  external  organs  to  its  distinct  consciousness  and  intuition, 
it  appears  as  if  all  voluntary  determination  had  ceased  in  both 
these  viscera.  But  there  is  a  want  in  all  parts  of  the  animal 
system^ — which  want,  in  fact,  is  one  of  the  causes  detcrmiuing 
the  will— that  necessitates  the  carrying  round  of  the  spirituous 
fluid  (in  which  the  life  of  the  whole  consists),  and  consequently 
necessitates  alternate  animation.  Wherefore  at  night,  the 
brains — tmconscious  of  the  common  operations  of  the  inferior 
body,  as  they  are  not  then  subdistinguished  by  any  particulars — 
draw  deeper,  slower  and  more  equable  breaths,  acting  iu 
obscurity,  and  from  the  principle  of  necessity  "  (ii.,  no.  162). 


J.  Fron  thr  pRBSEtrr  Work  ox  the.  ^*  Bra/n." 


6S3ft.  "At  night,  while  the  will  lies  asleep,  the  cerebellum 
takes  up  the  sceptre,  and  chiefly  institutes  the  movements  of 
animation ;  and  as  these  flow  from  the  source  of  nature,  they 
are  more  constant  and  deeper;  and  since  the  cerebrum  is  thi-n 
forced  by  the  cerebellum  into  similar  movements,  the  cerebellum 
sometimes  labours  with  difHculty,  and  with  a  struggle,  aa  may 
be  seen  from  the  i^tate  of  the  respiration  "  (i.,  no.  \Q^y 
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683t,  "In  general  all  fibres  are  either  tnotory  or  sensory. 
The  motory  fibres,  however,  are  either  voluntary  or  involuntary; 
the  former  have  their  origin  in  the  cerebrum,  but  the  latter  in 
the  cerebellum.  The  sensory  fibres  also  may  be  distinguished 
into  anch  as  are  conscious  and  unconscious.  The  conscious 
fibres,  in  a  like  manner,  derive  their  origin  from  the  cerebrum, 
but  the  non-conscious,  or  those  which  are  unconscious  of 
changes,  from  the  cerebellum.  The  fibres  of  the  medulla 
oblongata  and  of  the  spinal  cord,  on  the  other  hand,  are  of  an 
auxiliary  kind,  and  promote  both  motion  and  sensation. 

"The  cotwciouA  fibres  are  properly  those  which  are  called 
sensory,  because  every  modification,  impressed  upon  the  organs 
of  aeuse  by  their  means,  reaches  the  consciousness,  or  the 
knowledge  of  our  mind  in  the  cerebrum,  or  that  same  principle, 
■whence  originates  the  will.  For  whore  there  is  an  understand- 
ing, there  also  is  a  will;  nay.  such  as  is  the  understanding,  such 
also  is  the  will. 

•'The  wTW07W«no««  fibres,  however,  properly  so-called,  are 
thase  which  report  the  universal  and  the  singular  [that  is,  the 
least  particular]  state  of  the  whole  body,  as  well  as  the  very 
modifications,  even  the  purest  ones — to  the  cerebellum,  which 
at  once  feels  ihe  changes  impressed  upon  the  part*,  and  deter- 
mines the  natural  motions  in  harmony  there^inth.  Hence  there 
are  so  many  species  and  varieties  of  instinct ;  hence  are 
those  hidden  and  wonderful  operations  of  nature,  and  hence 
the  welfare  of  the  whole  animal  republic :  for  where  there  is  a 
determination  of  motion,  there  also  is  a  similar  or  nnalognus 
principle  which  becomes  aware  of  changes;  both  in  this  case 
being  natural,  and  neither  reaching  the  consciousness  of  the 
mind,  and  pa^ising  thence  into  the  will "  (i.,  no.  870). 

CSS/.  "The  cerebrum  of  birds  is  uniform,  and  does  not  con- 
tain any  convolutions.  It  appears  hence  very  clearly  that  their 
corebrura.  so  far  as  its  cortical  substance  is  concerned^  is  simply 
a  pvrrer  organism  which  prwluces  distinctly  in  acts,  whatever 
nature  advises,  and  what  it  excites  them  to  do.  For  their 
cvrebeltum — of  the  operations  of  which  neither  the  birds  nor 
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the  remaining  species  of  auimals  are  rendered  conscious — from 
a  certain  blind  Keiisatiou.  and  from  a  principle  assumed  thence, 
instructs  and  orders  them,  that,  iu  accordance  with  the  order  of 
nature,  they  must  act  so,  and  not  otherwise.  The  oerebruiu, 
however,  produces  the  very  acts ;  for  the  cortical  substance  of 
the  same  resides  where  it  may  be  expanded  and  constricted 
in  its  individual  parts,  or  whence  all  the  motions  in  the  body 
may  be  distinctly  excited.  .  .  . 

'*Th6  o6Sce  of  sensating,  and  of  producing  proper  animal 
motions,  cannot  be  assigned  to  the  cerebellum ;  yet,  although  the 
cerebrum  [of  animals]  produces  these  motions — both  the 
beginnings  and  endu  of  these  motions  are  nevertheless  natural, 
and  the  animals  do  not  notice  them,  until  they  are  made  aware 
of  them  by  the  acts  themselves,  which  they  perceive  by  their 
senses"  (L,  noa.  900.  901). 

683A;.  "  In  respect  to  the  breathing  of  the  lungs,  the  pulsation  of 
the  heart  and  arteries,  the  operations  of  the  viscera  and  glands, 
the  progression  of  the  chyle  through  the  locteals, — all  these  are 
functions  of  the  cerebellum,  and  not  of  the  cerebrum  "(i.,  na  943). 

"  The  cerebellum  feels  the  smallest  changes  of  state  in  its 
body,  and  yet  it  does  not  follow  thence  that  the  cerebrum 
becomes  conscious  of  these  sensations.  Still  the  cerebelhin),  by 
such  a  sensation  and  information,  is  so  arranged  and  disposed 
as  to  care  for  and  to  be  of  assistance  to  every  part  of  its  bodily 
system  "  (L.  no.  940). 

6S3Z.  "The  cerebellum  is  a  single  and,  at  the  same  time,  a 
largest  torus  or  glome  of  grey  and  medullary  substance,  which. 
by  the  forces  of  its  animation,  pours  a  copious  and  perennial 
stream  of  spirits,  and  indeed  constantly  and  iu  an  individual 
manner,  i&to  all  its  nerves,  and  thereby  intx)  the  organs,  glands, 
and  mnaclea.  It  is  different  with  the  cerebrum,  which  consists 
of  many  tori  or  glomes,  that  is.  little  cerebellula,  conglomerated 
in  the  same  manner.  Wherever  there  is  a  iibre,  and  the  origia 
of  a  fibre,  namely,  a  cortical  substance,  there  the  aoimal  Juice  is 
iu  a  state  of  oommotiou  \  for  all  the  hbres  are  little  tubuli  or 
canals,  and  the  cortical  substances  as  many  UtUc  laboratoriea 
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and  glands  by  siipereminence  which  exclude  spirit, and  transmit 
the  old  spirit  brought  bock  by  the  arteries  "  (ii.,  no,  240). 


4.  FROhi  THE  ^Animal  Kingdom."^ 

683m.  "The  cerebellum  has  the  general  cognizance  of  those 
affairs  in  the  kingdom  of  which  the  mind  is  unconscious,  and  it 
is  the  general  ruler,  regulator,  and  mover  of  the  ordinances  of 
nature. 

"  Through  the  pneumo-gastric  nerve,  as  a  general  informant, 
the  cerebellum  is  made  aware  of  everything  that  happens  or 
goes  on  within  the  boundaries  of  its  kingdom,  (the  cerebrum 
being  cognizant  of  whatever  happens  without  them)  in  order 
that  it  may  dispose,  recruit,  and  reform  all  things  by  the  con- 
stant laws  of  nature  "  (English  Edit,  L,  no.  43,  and  footnote  cW.). 

C83n.  "  Every  fibre  carries  with  ic,  wherever  it  goes,  the 
animus  or  atTection  of  its  parent  cerebrum  or  cerebellum ;  .  .  . 
consequently,  different  kinds  of  love,  desire,  hatred  and  loathing 
— longings  and  antipathies,  and  all  their  ever-various  states. 

"The  cerebrum  and  the  cerebellum  produce,  and,  as  it  were, 
continue  and  unfold  themselves  in  the  body,  by  the  fibres ;  con- 
sequently, both  the  brains  are  universally  present  in  the  body 
by  means  of  the  fibres.  This  is  very  conspicuous  from  all  our 
sensations  and  actions.  .  .  .  Nothing  is  more  certain  than  that 
the  brains  are  the  organs  which  wish  or  desire,  and  that  the 
affections  arising  in  them  flow  into  the  universal  body"  (Ibid,t 
i,  no.  156,  and  footncte  A.). 

6S3o.  '•  The  proper  essence  of  the  body  is  the  blood  which  is 
determined  by  the  vessels — by  the  arterial  vessels  particularly, 
but  also  by  the  venous  vessels. 

"The  determimiiwns,  therefore,  are  the  organs  or  viscera, 
which  are  designed  and  formed  by  the  blood-vessels,  and  which 
are  the  objects  of  the  science  of  anatomy. 

"  The  motiorts  of  tlus  e^ence  so  detemiined  are  nataral,  volun- 
tary and  mixed ;  tho  natural  organs  are  those  of  the  organs  or 
viscera,  and  are  excited  by  the  fibres  of  tho  cerebellum,  parti- 
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cularly  by  the  fibres  of  the  great  Bympathetlc  nerve,  and  of  the 
par  vagiim :  the  voluntary  motioiia  are  those  of  all  the  muscles, 
which  form  the  circumftirence  of  the  body  particularly,  and  its 
appendages,  as  the  arms,  the  loins,  etc. 

"  The  source  of  natural  'motion  is  the  cerebellum ;  but  [the 
source  of  the  motion]  of  the  blood  itself  is  the  great  heart  of  the 
body,  with  its  arteries  and  branches,  which  latter  correspond  to 
the  heart  as  the  head  of  these  motions, 

"  The  source  of  voluntary  motion  is  the  cerebrum,  and  as 
allied  and  associated  with  it.  the  lungs :  although  the  lungs  are 
not  only  the  source  of  the  voluntary  motions,  by  their  association 
with  the  cerebnim,  but  they  are  in  a  manner  the  source  of  even 
the  natural  motions,  by  their  association  with  the  cerebellum ; 
consequently,  their  sources  of  motion  are,  properly  speaking, 
mixed, — one  source  ruling  in  the  day-time,  the  other  during  the 
night"  {Ihiil,  I,  no.  382,  footnote/). 

683p.  "All  the  nerves,  with  the  exception  of  the  par  vagum 
and  the  great  sympathetic  nerve,  and  perhaps  with  the  excep- 
tion also  of  those  sent  by  the  restiform  process  of  the  cerebellum 
towards  the  genital  members,  are  subject  to  the  will  of  the 
cerebrum ;  such  is  the  case  with  the  twelve  costal  and  the  other 
nerves  that  descend  from  the  medulla  oblongata  and  medulla 
spinalis.  This,  however,  as  we  ail  know,  applies  only  to  the 
waking  state ;  for  during  sleep  the  same  nerves  act  under  the 
auspices  and  government  of  nature.  The  cerebrum  rules  in  the 
day-time,  and  excites  itself  at  will  to  general  and  particular 
animations,  and  with  it  the  cerebellum,  and  medulla  spinalis. 
The  cerebellum,  on  the  other  hand,  takes  up  the  reins  at  night, 
and  obliges  the  cerebrum  itself,  and  the  two  meduJbe,  to  follow 
its  own  reciprocal  acts  of  animation.  The  government  is  thu^ 
alternated  and  divided  between  the  cerebrum  and  cerebellum, 
that  is,  between  will  and  nature. 

"The  circumstance  of  our  breathing  with  the  lungs  more 
deeply  and  fully  during  the  night  than  during  the  day  arises 
not  only  from  the  energy  of  the  cerebellum,  (which  ia  a  small 
mass  compared  to  the  cerebrum,  with  the  whole  of  its  own 
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medullary  appendages,  and  those  of  the  great  stems  proceeding 
from  it),  but  also  from  the  state  of  the  luugs  in  sleep;  but  in 
the  day-time,  the  lungs,  with  the  cerebrum  being  awake,  are 
almost  constantly  half  expanded,  and  their  vesicles  half  open" 
{Ihid.,  ii..  no.  394,  footnote  b.), 

683fy.  "  Since  two  principles  of  action  exist  in  one  body — ^to 
witt  nature,  that  is,  the  soul,  in  which  this  nature  dwells,  and 
the  will — it  is  necessary  that  there  should  be  two  brains;  one 
of  them  to  be  subject  to  the  empire  of  nature,  the  other,  to 
the  empire  of  the  will.  Were  there  only  one,  then  either 
nature  alone  would  rule,  in  which  case  there  would  be  no  need 
of  external  organs  for  instruction  ;  for  the  life,  under  whose 
auspices  nature  acts,  is  infinitely  superior  in  wisdom  to  our 
inmost  sensitive  life  :  or  else  the  will  alone  would  rule,  in  which 
caae  all  things  would  go  to  wreck,  and  perish  in  less  than  a 
moment  Therefore  nerves  proceed  separately  from  these  two 
brains,  by  which  nerves  operations  are  determined,  and  which 
dividedly  administer  the  government  of  the  kingdom  "  {IhuL, 
ii.,  no.  457.  footnote  I). 

683r.  "The  cerebrum  and  cerebelluua  not  only  dwell  under 
distinct  septa  and  tents,  and  live  without  familiar  intercourse 
within  the  bony  walls  of  the  skull,  but  they  have  their  separate 
provinces  beyond  these  boundary  walls  in  the  body  also,  whither 
they  put  forth  their  fibres.  The  cerebrum,  or  the  fibre  of  the 
cerebrum,  occupies  the  very  ultimate  boundaries  or  the  muscular 
and  sensorial  circumference  of  this  kingdom,  but  the  fibre  of 
the  cerebellum  has  for  its  lot  the  whole  interior  field  circum- 
scribed by  these  boundaries  where  the  viscera  of  the  thorax 
and  abdomen  live.  The  fibre,  propagated  as  an  offspring  by 
derivation  from  its  parent  cerebrum  or  cerebellum,  when  sent 
out  to  its  goals,  and  determined  to  uses  in  the  extremes,  carries 
with  it  only  that  character,  breathes  only  that  power,  and 
exercises  only  that  force  which  it  has  obtained  from  it^  parent ; 
thus  the  fibre  sent  out  from  the  cerebrum  involves  whatever 
the  mind  of  the  cerebrum  appoints  to  be  executed  in  ultimates 
as  a  matter  of  choice  or  will,  but  the  fibre  from  the  cerebellum 
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involves  whatever  its  mind  or  soul  deems  advisable  to  be  done 
as  a  matter  of  nature.  The  former  takes  the  reasons  of  its 
choice  or  will  from  the  sensona  disposed  in  the  boundary  of  the 
kingdom  ;  the  latter,  the  reasons  of  its  administration  from  the 
papillas  set  within  the  viscera.  In  this  way  we  see  that  the 
kingdom  is  divided  between  the  cerebrum  and  cerebellum,  or 
between  the  will  and  nature,  and  this,  in  such  a  wise,  that 
nature,  which  manages  the  domestic,  intimate  and  secret  aflfairs 
of  the  kingdom,  is  environed  and  beset  by  the  will  which 
attends  to  the  external  business  that  is  common  to  the  body 
with  the  surrounding  world,  to  the  end,  that  the  one  may  flow 
wonderfully  into  the  other,  as  it  were,  in  gyres,  and  flow  back  or 
turn,  as  it  were,  on  hiuges.  Wherefore,  as  soon  as  ever  the 
objects  of  touch  have  gone  inwards,  (for  instance,  from  the 
surface  of  the  body  towards  the  peritomiium  and  the  pleura, 
from  the  tongue  into  the  pharynx  and  oesophagus,  or  from  the 
nares  into  tlie  larynx  and  trachea),  they  instantly  escape  us, 
and  arc  rolled  down,  as  it  were,  into  dark  ignorance,  and  mani- 
fest their  qualities  to  the  consciousness  of  the  soul  only,  and  to 
its  auspices  alone  submit  themselves.  For  there  are  two  grand 
pairs  of  nerves,  namely,  the  eighth  pair  of  Willis  or  par  vagum 
and  the  great  sympathetic,  which  succeed  and  come  on  exactly 
at  the  places  where  the  motorial  and  sensorial  libres  uf  die 
cerebrum  cease.  These  nerves,  by  their  fibres,  construct  the 
viscera  of  the  abdomen,  the  well-frequented  kitchens  of  the 
body,  and  generate  the  little  papillary  or  villous  sensoria  pro- 
jecting from  their  innermost  coats. 

"  It  is  evident  that  the  eighth  pair  of  nerves  or  the  par  vagum, 
and  the  great  sympathetic  nerve,  are  nerves  of  the  cerebellum 
or  nature,  and  not  of  tho  cerebrum  or  will;  for  of  this  we  are 
assured,  not  only  by  tracing  them  to  their  origin,  but  also  by 
the  character  and  propertiea  which  they  bring  with  them  from 
their  parents'  house,  in  that  they  are  insensitive,  administer 
the  innermost  things,  and  do  not  live  in  tho  light  of  our  senses, 
but  withdraw  whatever  they  do  from  our  gt^neral  aeusonum, 
and  communicate  nothint?  bcvond  some  siknt  effect  bv  moan? 
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of  their  counection  with  the  neighbouring  fibrea  of  the  cere- 
brum, or  afterwards  some  ultimate  eflfect  to  any  of  its  organs" 
(it,  no.  527). 


J.  From  the  Work  knt!Tlkd:  *^The  Senses  and  Sensation 

IN  General,  "* 

683a.  **  Every  sensation  is  carried  to  the  cerebellum  as  well  as 
to  the  cerebrum ;  each  organ  must  partake  of  the  same.  For 
the  cerebrum  feels  or  sensates  the  modes,  and  manifests  or  gives 
forth  affections;  but  the  cerebellum  induces  suitable  changes 
of  state  upon  the  affection.  Wherefore  the  cerebrum  as  well  as 
cerebellum  send  forth  a  nerve  to  each  organ  of  sense.  The 
fifth  pair  of  nerves  [nervus  trigeminus]  is  a  nerve  belonging  to 
both  brains,  the  cerebrum  as  well  as  the  cerebellum;  for  it 
approaches  all  the  organs  of  sense  and  joins  them  to  both 
brains.  This  also  may  be  seen  from  its  portio  mollis.  The 
very  organs  themselves,  that  is,  the  external  sensory  organs,  do 
not  feel  anything  from  themselves;  but  are  simply  formed  in 
accordance  with  the  quality  of  the  objects,  so  as  to  receive  and 
forward  [their  impressions] — they  are  instrumental  causes.  It 
is  the  cerebrum  which  feels,  and  also  the  cerebellum,  but  the 
sensation  of  this  latter  organ  does  not  reach  the  consciousness 
of  our  rational  mind,  but  passes  to  the  soul.  These  two  brains 
which  are  formed  in  accordance  with  the  order  of  the  aoul  are 
the  first  causes  of  sensation.  Although  the  soul  is  everj'where, 
still  it  cannot  feel  or  sensate  everywhere ;  it  cannot,  unless  it 
forms  for  itself  organs  capable  of  receiving.  Although,  there- 
fore, there  is  but  one  force,  still  the  character  of  a  function  or 
use  arises  from  its  form  and  organization.  Thus  in  the  brain, 
and  nowhere  else,  are  organs  fitted  for  the  reception  of  sensa- 
tions. Every  organized  form,  therefore,  is  derived  from  the  one 
fioul ;  but  the  soul  operates  differently  according  to  the  character 
of  the  organization  "  (p.  23). 

>  '*  Tht  tsuM,  MUMUione  €i  ajf^tione  in  Qtnertt^  edited  by  Dr.  J.    F.    I. 
Tftfel  M  **  Kegnum  AninuOe,  Para  iv."    Tubingen,  1849. 
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683^  "  Every  sensation  is  carried  to  every  cortical  substance, 
whether  in  the  spinal  cord,  medulla  oblongata,  cerebellum 
or  cerebrum.  There  are  therefore  congeries  of  particles  in 
the  spiual  cord,  as  well  as  in  the  brain,  which  undergo  this 
change;  perhaps  the  whole  medullary  and  cortical  brain  is 
affected.  From  the  change,  which  is  thus  induced  on  the 
cortical  substance,  there  results  sensation.  The  cerebrum  is 
discriminated  into  larger  and  smaller  particular  congeries  or 
clusters :  these  arc  [affected  and]  changed  by  the  grosser 
sensations.  But  the  particular  modes  and  ideas  of  touch  affect 
every  individual  or  least  substance.  There  are  corresponding 
divisions  in  the  spinal  cord;  but  they  are  beyond  our  power  of 
observation,  as,  for  iustance,  in  insects. 

"  Whatever  reaches  the  spinal  cord,  as  a  matter  of  course^ 
passes  on  to  the  cerebellum ;  for  thither  leads  the  royal  road, 
and  the  spinal  cord  is  an  appendix  of  the  cerebellum  and 
cerebrum.  The  cerebellum,  which  is  a  single  torus  or  glome, 
feels  the  very  individual  momeuts  of  touch,  which  do  not  roach 
the  consciousness  of  tlie  cerebrum :  nay,  it  takes  notice  of  many 
things,  of  which  the  cerebrum  does  not  become  aware.  Unless 
this  were  so,  the  states  could  not  be  changed  in  a  suitable 
manner,  for  this  comes  from  the  cerebellum.  When  many 
papillfc  are  touched,  many  nerves  undergo  modification,  and  tho 
state  of  many  principles  in  the  brain  is  changed,  etc,  (p.  46).^ 


6.  From  the  Work  extitled  :  **  Gexerative  Orgaxs."^ 


683it.  "  Fibres  arc  stipplkd  to  ilie  testicles,  tioi  only  by  ike 
great  sympathetic  and  the  jmr  vaijuviy  hut  aieo  by  the  lumbar, 
anul  the  great  <n*UA^l  and  ischiadic  nerves,  and,  moi'eover,  a 
particular  branch  is  sent  from  the  aacrum;  thus  (he  supply 
com/^s  at  any  rate  from  all  those  nerves  which  carry  tltc  largest 

*  Fnttn  thu  pbotolitht^niphed  portioa  «f  tlie  &liove  work,  in  Vol.  VL  of 
PhutoUthogiupliCil  M^.  of  Sveilcnttorg,  eutltled :  "  MisceUuicA  Aiwtoxnicft 
«t  Philosophic*,'*  etc.     Stockholm.  I860. 

'  •*  Tha  Geticmtive  Organ*."  A  poechtimotu  work  of  Eni&nud  Swedenhorg, 
tmuktwi  from  tho  LAtia  by  J.  J.  Garth  Wilkinson.      Londou,  1^52, 
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avunint  of  spiritual  essence.  The  great  sympathetic  and  the 
par  vagum  or  eighth  pair  of  nerves  are  the  largest  and  most 
general  nerves  of  the  body;  after  which  comes  the  ischiadic 
nerve,  which  is  the  biggest  of  all  the  trunks,  not  to  mention 
the  peculiar  nerve  from  the  sacrum,  which  V'ieussens  figures 
and  demonstrates  in  his  '  Neurographia.' 

**  If  tee  well  araTnine  titese  several  nei^vcSt  it  ivill  be  very 
evident  that  all  the  fiJbre  Uiai  flows  into  the  testicles  descends 
from  the  medvJla  of  tlie  cerebellum,  but  not  from  that  of  the 
cerebrum :  hence  UuU  the  innermcst  and  vital  essence  of  the 
seed  owes  its  origin^  not  to  the  cerebrum,  but  to  the  cercbelluvu 
In  Chapters  xxxvi.  and  zxxvIL  of  the  present  work,  (see 
•  Economy '  etc,  i.,  nos.  478-480,  and  nosL  489-497)  we  prove 
that  the  great  sympathetic  nerve  and  the  par  vagum  are  nerves 
of  the   cerebellum,  and   not  of  the   cerebrum.     The   ancient 

atomists,  with  Hippocrates,  were   aware  of  this  fact.     This 

me  remark  rL-specting  origin  may  be  made  of  the  nerve  from 
the  sacrum,  delineated  by  Vieussens  {Neurog.,  tab.  xxix.,  n.  14, 
15),  and  which  runs  to  the  testes;  for  the  whole  residual  fibre 
of  the  cerebellum,  at  the  end  of  the  spinal  canal,  comes  forth 
at  last  in  the  sacrum :  see  the  chapters  on  the  Spinal  Marrow. 
A  nerve,  moreover,  proceeds  from  the  greut  crural,  and  comes  into 
close  relations  with  this  nerve  from  the  sacrum,  and,  after  a  long 
contact  therewith,  at  last  leaves  it.  It  is  doubtful  whether  this 
nerve  is  the  offspring  of  the  cerebrum  or  cerebellum,  for  the 

at  ischiadic  nerve,  which  springs  from  the  lumbar  nerves, 
38  spent  on  the  muscles  of  the  loins,  legs,  and  feet ;  and  there- 
fore is  of  cerebral  origin ;  but  it  does  not  run  immediately 
to  the  testicles,  but  on  the  other  hand  comes  into  contact  with 
a  nerve  that  is  determined  thither,  but  afterwards  again  quits 
it;  and  thiiR  only  communicates  to  it  the  abundant  spirit  which 
it  carriea  Besides  which  a  part  of  the  fibres  of  the  cerebellum 
also  goes  to  form  the  above-mentioned  great  crural  nerve. 
Moreover,  the  plain  fact  proves,  that  the  fibre  of  the  testes 
comes  from  the  cerebellum,  for  the  testicles  are  nowise  under 
the  dominion  of  the  will,  and  cannot  be  called  into  activity 
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at  the  will  or  disposal  of  the  cerebrum ;  their  excitation 
arises  entirely  from  a  kind  of  natural  spontaneity  and  instinct. 
Furthermore,  if  the  conception  of  this  seed  and  of  its  first 
virtue  depended  on  the  will,  i.6.,  on  the  cerebrum,  all  this 
faculty  would  go  to  wreck  after  the  briefest  exercise,  and  the 
very  purpose  of  nature,  in  the  earliest  age,  would  be  quite 
frustrated  It  follows  then  from  the  fibres  themselves,  from 
the  facts  of  the  case,  and  from  the  reasons,  that  the  cerebellum 
ia  the  butler  and  steward  of  the  inner  seminal  essence. 


CHAPTER   XXV. 
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684,  Willis.' — "From  the  cerebrum  we  have  come  to  its 
caudex,  to  which,  indeed,  the  cerebrum  itself  and  the  cerebellum 
are  attached  as  large  tubers.  This  part  is  commonly  called  the 
medulla  oblongata,  under  which  name  we  understand  the  whole 
of  that  substance  M*hioh  stretches  from  the  inmost  cavity  of  the 
corpus  catlosum — i.e.,  the  third  ventricle — aud  from  the  place 
where  it  is  joined  together  in  the  base  of  the  cranium,  even  to 
the  foramen  magnum  of  the  occipital  bone,  where  the  same 
organ  is  continued  farther,  and  terminates  in  the  apinal  marrow. 
Although  the  surface  of  the  medulla  oblongata  is  rendered 
uneven  by  certain  protuberances,  still  it  is  not  marked  by  any 
gyres  aud  convolutions,  as  is  the  case  with  the  cerebrum  and 
the  cerebellum,  nor  is  its  exterior,  superficial  substance  of  a 
grey  colour,  and  its  interior  substance  medullary  and  white, 
but  its  whole  compages  is  in  a  certain  measure  medullary, 
without,  however,  appearing  pure  and  shining,  but  being 
rendered  quite  dull  and  opaque  by  iibres  and  villi  which 
protrude  thence  in  various  ways,  and  pass  in  various  directions. 
For  its  fibres,  which  in  ditferent  places  are  configurated  accord- 
ing to  a  ditferent  plan,  are  here  striated  and  progressing  like 
rays,  while  in  other  places  they  are  produced  in  a  straight 
direction  and  drawn  out  lengthways,  and  in  still  other  (Maces 
they  are  found  to  be  circular.     In  shape  the  medulla  oblongata' 

'  **C«rabri  Anatome,"  Cap.  xiii. 

'  It  muHt  he  remembered  that  the  medulla  oblongata,  According  to  th« 
older  iiwtomtBU,  tncludea  the  crum  or  peduncuii  ctircbri  :  nay,  it  is  made  to 
indndo  even  the  optic  thaUnii,  which  are  atyled  by  Willia  and  othera  the 
*'crurA''  of  tb«  meduIU  obluugata,— Kdito&. 
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is  bifurcated,  and,  Like  the  Parnassus  of  the  poets,  exhibits  the 
ibrm  of  the  letter  Y ;  for  its  crura,  or  the  thalami  optici,  arise 
iu  the  anterior  part  of  the  cerebrum  from  both  hemispheres, 
and  incliriing  towards  one  another  they  coalesce  in  one  trunk 
near  the  centre  of  the  cranium  ;  by  drawing  a  line  through  the 
middle,  this  trunk,  however,  seems  to  be  composed  of  two 
stalks  which  can  be  distinguished  throughout  the  whole 
extent  of  its  course.  The  medulla  oblongata  seems  to  be  the 
broad,  and,  as  it  were,  royal  road  into  which  the  animal  spirits 
constantly  pour  in  from  their  twin  sources,  the  cerebrum  and 
cerebellum,  in  order  to  be  conveyed  thence  into  all  the  nervous 
parts  of  the  whole  body  (p.  81).  .  ,  .  But  in  order  to  explain 
all  thiijgs  which  have  any  connection  whatever  with  the  medulla 
oblongata,  we  shall  examine  it  from  beginning  to  end,  treating 
of  all  its  various  stations,  halting-places  and  crossways.  Where 
the  corpus  callosum  is  supposed  to  terminate,  the  medulla 
oblongate  begins,  since  the  medullary  substance  of  the  cere- 
brum near  the  frontal  extremities  {uvxhonm)  of  both  hemi- 
spheres is  thickest,  and  under  the  appearance  of  a  body  of  a 
whitish  colour,  but  a  little  dark,  and  striated  like  ivory,  coheres 
on  either  side  with  that  central  organ  [i.e.,  the  corpus  callosum]. 
These  two  bodies  [the  corpora  striata]  are  the  extremities  or 
apices  of  the  crura  of  the  medulla  oblongata,  that  is,  of  the 
thalami  optici ;  between  these  and  the  cerebrum  there  are 
close  and  very  intimate  communications.  Each  of  these  bodies 
[t.e.,  the  corpora  striata]  appears  shaped  like  a  cylinder,  rolled 
about  into  an  orb;  as  they,  however,  constitute  the  summits  of 
the  crura  of  the  medulla  oblongata,  t.e.,  the  thalami  optici,  they 
are  not  of  a  spherical,  but  of  an  oval  shape,  and  in  their  direc- 
tion backwards  arc  a  little  curved.  The  ampler  part  of  this 
orgarf  or  ganglion  is  joined  with  the  medullary  substance  of  the 
cerebrum  ;  some  portion  of  it,  however,  is  free  from  this  cohesion 
with  the  cerebrum,  and  constitutes  an  eminence  by  itself ;  it 
also  causes  that  eminence  which  bulges  out  in  each  of  the 
lateral  ventricles.  If  these  bodies,  throughout  their  whole 
length,  are  dissected  iu  the  middle,  they  appear  marked  with 
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tnedullar}'  striae  almost  in  the  fonn  of  rays.  These  strise  have 
a  twofold  afil'ection  or  tendency,  namely,  some  of  them  descend 
from  the  summit  of  this  body  [i.e.,  the  corpus  striatum]  aa 
though  they  were  tracts  from  the  cerebnim  towards  the  medulla 
ublungata,  while  others  ascend  from  the  parts  below,  and  meet 
with  those  which  have  jiist  been  mentioned  aa  though  these 
corpora  were  highways  for  the  spirits  from  the  medulla  oblongata 
into  the  cerebrum.  And  it  is  worthy  of  observation  that  no 
other  part  of  the  whole  body  appears  striated  in  a  similar 
manner.  .  .  .  All  nerves,  therefore,  even  those  which  have 
respect  to  the  interior  organs  of  the  senses,  originate  near  these 
corpora  striata.  The  optic  and  olfactory  nerves,  indeed,  by  a 
long  tract  and  roundabout  ways,  creep  over  the  surface  of  the 
cerebrum,  in  order  to  be  finally  inserted  below  the  portion  of 
the  medulla  oblongata  (pp.  81-S3).  .  .  .  While  dissecting  some 
time  ago  the  bodies  of  some  persons  who  had  died  of  paralysis 
of  long  standing,  and  of  a  most  grievous  dissolution  of  the 
nerves^  I  always  noticed  that  these  corpora  were  less  £rm  than 
any  other  in  the  brain ;  they  were  discoloured  like  the  first 
juice  pressed  out  of  olives,  with  their  stria3  very  much  obliter- 
ated. Further,  in  recently  bom  pups,  deprived  of  sight,  and 
which  also  otherwise  perform  with  difficulty  their  motions  and 
their  functions  of  sense,  these  strio?  appear  scarcely  fully 
formed.  ai»d  in  a  crude  form. 

"Near  the  obtuse  and  larger  angles  [in  front],  where  the 
corpora  striata  are  inclined  towards  one  another,  these  corpora 
are  almost  contiguous;  nothing  but  the  foniix  with  its  double 
root.s  intervenes  between  them.  Nevertheless,  where  the  two 
roots  of  the  fornix,  in  a  straight  direction,  arc  inserted  in  the 
corpus  callosum,  a  medullary  transverse  tract  [the  anterior 
commissure],  similar  to  a  large  nerve,  which  reaches  out  from 
one  corpus  striatum  into  the  other,  conjoins  them,  as  it  were, 
and  causes  them  to  communicate  with  one  another.  .  .  .  Under 
these  conditions  the  corpora  striata  arc  ibund  constantly  in 
man,  and  in  quadrupeds  of  every  kind  and  shape,  and  in  every 
one  of  thum  they  are  striated  or  streaked  in  a  similar  manner; 
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they  arc  also,  as  it  were,  like  internodes  by  which  the  cerebrum 
coheres  with  the  medulla  oblongata.  Nevertheless,  in  birds 
and  fishes,  the  cerebra  of  which  are  similarly  organized,  though 
different  from  man  and  quadrupeds,  things  are  a  little  different; 
for  in  birds  the  corpus  callosum  is  wanting.  Its  equivalent, 
however,  is  found  in  the  medulla  oblongata,  namely,  near  the 
optic  thalami  two  ventricles  protrude  which  are  vaulted  with  a 
white  and  medullary  substance,  which  is  like  the  corpus 
callosum  in  man  and  the  qua<)nipoda. 

"  On  the  other  hand,  again,  the  corpora  striata,  or  those  parts 
which  are  in  their  place,  do  not,  in  the  customary  manner,  form 
a  part  of  the  medulla  oblongata,  but  enter  the  cerebrum  itself; 
for  near  the  fissure  of  the  cerebrum,  two  membranes,  marked 
with  medullary  striie,  distinguish  both  hemispheres  of  the 
cerebrum,  and  line  its  ventricles;  the  striie  of  both  membranes 
descend  like  rays,  and  after  being  concentrated  near  the  base  of 
the  cerebrum,  they  meet  in  a  medullary  process  inserted  on 
both  sides  in  the  medidla  oblongata  (pp.  84-,  85).  ,  .  .  Where 
the  corpora  striata  cease,  the  medullary  substance  succeeds  on 
either  side,  and  after  pursuing  its  way  for  some  distance  under 
the  appearance  of  a  brownish  colour,  it  is  distinguished  from 
the  neighbouring  parts  by  a  peculiar  acclivity.  This  was  called 
by  Galen  the  '  thalamus  nervorum  opticorum/  for  the  optic 
nerves  emerge  here  on  either  side  in  their  uppermost  part,  and 
after  being  carried  downwards  with  some  enveloping  substance, 
they  are  united  near  the  infundibulum.  .  .  .  These  nerves  are 
inserted  into  the  medullary  caudcx.  like  the  branches  of  a  tree 
into  its  trunk  .  .  .  Meanwhile  this  interior  compages  of  the 
medulla  oblongata  is  the  common  duct  both  towards  the  eyes, 
and  also  towards  the  remaining  nervous  system,  which  takes  its 
rise  in  a  more  posterior  region  '*  (p,  SG). 

085.  ViEusSENS.'— "  The  medulla  oblongata  ia  that  part  of 

the  brain  taken  at  large,  which  is  contained  partly  within  the 

cDcloBure  of  the  centrum  ovalo.  and  partly  is  subjected  to  the 

cerebellum;  so  that  it  extends  from  the  foremost  region  of  the 

*  ^*  Keurognpbift,"  etc,  Cap.  xUi. 
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lateral  ventricles  to  the  end  of  the  fourth  ventricle,  where  it 
passes  over  into  the  spinal  marrow. 

"  All  those  parts,  which  are  in  the  upper  region,  both  of  the 
cerebrum  and  the  medulla  oblongata,  and  also  those  which  have 
respect  to  the  cerebellum  in  particular,  have  been  accurately 
explained  in  what  precedea  In  order  that  we  may  now  lay 
open  fully  and  to  describe  those  parts  which  are  discovered  in 
the  base  of  the  brain  taken  at  large,  and  of  the  medulla 
oblongata,  oiler  the  cerebellum  by  a  transverse  cut  has  been 
removed  from  its  peduncles,  the  brain  is  inverted,  its  convex 
portion  having  been  previously  sliced  and  ablated.  After  it 
has  thus  been  inverted  there  come  into  sight  the  trunks  of  the 
vertebral  aud  carutid  arteries  cut  transversely,  aud  their  shoots 
which  irrigate  the  exterior  parts  of  base  of  the  brain ;  further, 
the  ten  pairs  of  nerves,  the  iufundibuhim,  the  corpora  albicantia, 
which  are  placed  near  the  infundibulum,  the  two  processes 
from  the  cerebellum  towards  the  medulla  oblongata,  which  pass 
ofifiuto  the  pons  Varolii,  the  corpora  pyramidalia,  the  corpora 
olivaria,  and  the  spinal  nerves  which  arc  accessory  to  the  par 
vaguni "  (p.  82).     See  his  Plates  iv.  aud  v. 

The  beginnings  of  the  medulla  oblongata  or  the  corpora 
striata  have  been  treated  of  above  [in  Chaps.  xiL  and  xiiij ; 
the  fourth  ventricle,  the  corpora  pyramidalia  and  olivaria,  and 
the  pons  Varolii  which  are  members  of  the  medulla  oblongata 
will  be  discussed  below,  as  well  as  the  nerves. 

686.  Ridley.^ — "  The  third  part  of  the  brain  taken  at  large, 
according  to  the  foregoing  method,  is  called  the  medulla  oblon- 
gata, all  whose  parts  on  its  forcside  having  already  been  spoken 
of,  there  remains  in  the  next  place  that  we  take  notice  of  what 
is  on  its  other  aide  where  are  most  worthy  of  consideration  its 
crura,  as  they  are  called  ;  further  the  pons  Varolii;  and  finally 
the  corpora  pyramidalia  and  olivaria,  together  with  more  on 
which  we  shall  treat  hereafter"  (pjj.  139*141). 

687.  WisSLOW.' — "In    the    name     medulla    oblongata    is 

»  '•  Anatomy  of  the  Brain."  Chap.  xv. 

>  **Aii*tomiciU  Ktposiliou,"  etc.,  Section  x* 
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embraced  all  that  portion  of  the  brain  which  occupies  the 
middle  portion  of  the  base  of  the  cerebrum  from  before  back- 
wards, and  further  the  middle  portion  of  the  base  of  the  cere- 
bellum. It  is  like  a  distinct  medullary  base  between  the 
cerebrum  and  cerebellum,  common  to  both,  generated  by  the 
reciprocal  continuity  of  their  medullary  substances,  and  separ- 
ated from  both  by  the  transverse  process  of  the  dura  maler,  the 
tentorium.  This  common  base  lies  immediately  on  that  portion 
of  the  dura  mator  which  lines  the  basis  of  the  cranium.  The 
medulla  oblongata  may  therefore  be  justly  considered  as  the  third 
general  part  of  the  whole  mass  of  the  brain,  or  as  the  common 
production  or  united  elongation  of  the  whole  medullary  sub- 
stance of  the  cerebrum  and  cerebellum.  It  is  extremely 
difBcult,  if  not  altogether  impossible,  to  examine  or  demonstrate 
it  as  we  ought,  in  its  natural  position.  But  wc  are  obliged  to 
do  both  with  the  brain  inverted.  .  .  .  However  to  prevent  false 
ide&s  either  in  viewing  ourselves,  or  in  showing  to  others  the 
medulla  oblongata  thus  inverted,  it  is  very  necessary  often  to 
call  to  mind  that  what  appears  as  superior  or  upper  in  this 
situation,  in  reality  is  below  in  the  natural  state.  The  lower 
side  of  the  medulla  oblongata,  in  an  inverted  situation,  presents 
to  our  view  several  parts  which  in  general  are  either  medullary 
productions,  tninks  of  nerves,  or  trunks  of  blood-vessels.  The 
chief  medullary  productions  are  these:  the  large  or  anterior 
branches  of  the  medulla  oblongata,  which  have  likewise  been 
named  crura  an  teriora,  and  peduncles  of  the  cerebrum;  the  trans- 
verse protuberance,  called  annularis,  and  likewise  pons  Varolii ; 
the  small  or  posterior  branches  calleil  cnira  posteriora,  and 
peduncles  of  the  cerebellum ;  further,  the  extremity  or  cauda  of 
the  medulla  oblongata,  with  two  pairs  of  tubercles,  called  the 
corpora  olivaria,  and  the  corpora  pyramidalia;  and  to  these  wo 
must  add  a  production  of  the  infiindibulum  with  two  mamillary 
protuberances  [the  corpora  albicantia].  The  great  branches  of 
the  medulla  oblongata  mentioned  above  are  two  very  consider- 
able medullary  fasciculi  [the  crura  cerebri]  the  ant^.*rior  ex- 
tremities ofwliich  are  separated,  and  the  posterior  ututod,  so 
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that  taken  both  together  they  represent  a  Roman  V.  These 
fasciculi  are  Hat,  much  broader  before  than  behind ;  their 
surfaces  being  composed  of  several  longitudinal  and  distinctly 
medullary  fibres.  Their  anterior  extremities  are  beginning  to 
disappear  at  the  lower]  ends  of  the  corpora  striata,  and  it  is  for 
this  reason  that  they  are  looked  upon  as  peduncles  of  the 
cerebrum.  ,  .  .  The  other  extremity  or  the  cauda  of  the 
medulla  oblongata  is  a  certain  contraction  of  that  organ ;  for  it 
is  diminished  in  size  until  it  reaches  the  foramen  magnum  of 
the  occipital  bone^  where  it  terminates  in  the  spinal  marrow 
(nos.  102-106,  109).  .  .  .  The  arachnoid  membrane  or  the  outer 
lamina  of  the  pia  mater  appears  to  be  distinctly  separated  from 
the  internal  lamina,  in  the  interstices  of  all  the  eminences  of 
the  medulla  oblongata,  that  is,  of  those  on  its  lower  side,  Avithout 
any  visible  cellular  substance  between  them.  The  internal 
lamina  adheres  or  is,  as  it  were,  agglutinated  to,  the  surface  of 
the  interstices,  as  well  as  to  that  of  the  eminences ;  and  it  is 
equally  stretched  out  between  those  of  their  portions  which  run 
out,  to  which  it  is  clusely  attached.  Among  these  eminences 
there  must  also  be  included  the  comua  of  the  optic  nerve.  In 
general  it  must  be  observed,  concerning  the  eminences  of  the 
medulla  oblongata,  that  some  of  them  are  outwardly  medullary, 
and  inwardly  cortical,  or  partly  medullary  and  partly  cortical, 
80  fonned  by  a  mixture  of  these  two  substances  which  remains 
still  to  be  unfolded.  From  this  common  portion  of  the  cerebrum 
and  cerebellum  arise  almost  all  the  nerves  which  go  out  of  the 
cranium,  through  the  diflerent  foramina  in  the  cranium.  It 
likewise  priKluces  the  spinal  marrow,  which  is  no  more  than  a 
common  elongation  of  the  substances  of  the  cerebrum  and 
cerebellum ;  and  therefore  the  medulla  oblongata  may  justly  be 
said  to  bo  the  first  origin,  and,  as  it  were,  the  primitive  source 
of  all  the  spinal  nerves^  and  thus  of  all  the  nervos  in  the  human 
body  "(nos.  116-118). 

688.  Heister.* — "The  medulla  oblongata  is  the  lower  and 
medullary  part  of  the  cerebrum  and  cerebellum,  formed  into  a 
^  "CoiDpcuiiium  AuAtoouvuio,"  VoL  I. 
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kind  of  Cauda  or  tail,  and  extended  to  the  foramen  magnum  of 
the  occipital  bonei  and  giving  origin  to  the  spinal  marrow  and 
to  the  nerves  of  the  braiu.  While  taking  the  brain  carefully 
out  of  the  skull,  there  are  discovered  in  its  base  the  nervea  of 
the  bruin  which  aro  usually  called  ten  pairs,  but  are  properly 
only  nine,  the  ingress  of  tho  internal  carotids  into  the  cranium, 
the  infundibulum  and  its  insertion  into  the  pituitary  gland, 
and,  finally,  the  accessory  spinal  nerve  of  Willis.  After  the 
brain  is  taken  out  of  the  cranium,  we  have  to  observe  in  its 
lower  side  the  anastomoses  of  the  carotid  and  vertebral  arteries, 
the  cnira  of  the  medulla  oblongata  of  the  cerebrum,  and  the 
crura  or  peduncles  of  the  cerebellum,  from  which  arise  the 
medulla  oblongata  and  the  spinal  marrow,  the  origins  of  the 
several  pairs  of  nerves  of  the  brain,  the  two  corpora  albicantia 
near  the  infundibulum,  the  annular  protuberauce  of  Willis  or 
the  pons  Varolii,  very  ill  drawn  by  Willis  and  others,  but 
correctly  by  Ruysch ;  the  end  of  the  medulla  oblongata,  and,  iu 
this,  the  corpora  pyramidalia  and  olivaria  of  Vieussens  and 
Ruysch,  and,  finally,  the  arachnoid  membrane  which  is  very 
finely  distinguishable  in  this  part.  On  the  upper  side  of  tho 
medulla  oblongata,  afler  the  brain  has  again  been  turned  up, 
we  have  to  observe  the  fourth  ventricle  and  the  calamus  scrip- 
torius  with  its  crena,  all  the  other  parts  which  have  boon  already 
described  as  belonging  to  the  third  ventricle.  The  substance 
of  the  medulla  oblongata  is  externally  medullary ;  in  its 
interior  it  contains  some  cortical  or  grey  substanco  "  (no.  272). 

[MODERN   AUTHOnS, 


688a.  Carpenter.* — "The  Medulla  Oblongata,  or  cranial 
prolongation  of  the  spinal  cord,  which  brings  it  into  connection 
with  the  encephalic  centres,  is  distinguished  by  the  highly 
complex  arrangement  of  its  fibrous  strands  and  of  its  nuclei  of 
groy  matter,  and  also  by  the  peculiar  distribution  and  endow* 

*  Carpentcr'u  *'  Principles  of  Huntan  Phyiiology ,"  cUlt«tl  by  H.  Power,  U.  It., 

L«ud.,  i'-K-C.S.     Niutli  liaitigu.     Loudon.  ISSl. 
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meut  of  the  nerves  connected  with  it.  The  anatomical  boun- 
daries usually  assigned  to  it  are  the  pons  Varolii  above  (frora 
which  it  is  neparatcd  laterally  in  animaU  by  a  broad  band 
termed  the  Trapezium,  but  in  man  by  a  groove ;  the  trapezium 
forming  the  ])osterior  border  of  the  j>ons)  and  the  occipital 
foramen  below ;  but  these  limits  are  purely  artificial,  and  for 
physiological  puqiosea  the  course  of  its  fibres  must  be  traced 
much  higher.  The  part  thus  marked  out  has  a  bulb-like  form, 
and  jiresents,  like  the  cord  of  which  it  is  the  continuation,  a 
posterior  and  anterior  median  fissure.  The  former  as  deep  and 
narrow,  but  suddenly  widens  out  to  form  the  space  known  as 
sxnMB  rfiomhoidalis  or  fourth  ventricle.  The  latter  is  wider 
and  less  deep;  and  its  continuity  with  the  anterior  fissure  of  the 
spinal  cord  is  interrupted  by  the  decussation  of  the  anterior 
pyramids,  wliich  is  marked  externally  by  the  crossing  of  from 
three  to  five  bundles  of  fibres  from  each  side  over  to  the  other, 
This  decussation  may  be  considered  as  the  physiological  boun- 
dary between  the  medulla  oblongata  and  the  spinal  cord. 
The  surface  of  each  lateral  half  is  furrowed  by  grooves,  which 
assist  in  marking  out  the  several  striinds  of  nerve-fibres  that 
may  be  distinguished  on  cither  side.  The  vesicular  substauco 
is  aggregated  into  several  pairs  of  ganglionic  nuclei  which  form 
extremely  important  nerve-centres"  (pp.  571,  el  seq,), 

68S6.  QuAiN.' — "  The  term  '  medulla  oblongata/  as  employed 
by  Willis  or  Vieussens,  and  by  those  who  directly  followed 
them,  included  the  crura  cerebri  and  pons  Varolii,  as  well  as 
that  part  to  which,  by  Haller  first,  and  by  most  subsequent 
writers,  this  term  has  been  restricted. 

"  The  medulla  oblongata  is  contiutjons  below  with  the  spinal 
cord,  on  a  level  with  the  lower  margin  of  the  foramen  magnum. 
Itji  upper  limit  is  marked  by  the  lower  border  of  the  pt'US 
Varolii,  into  which  it  is  continued  above ;  its  anterior  or  vuntnd 


*  Qitain'ft  "  Elcmenta  of  An*toniy,"  edited  l>y  Allen  Thompjton,  M.H., 
UC.L..  LL.D.,  K.H.S.,  Edward  AtUH  Schd/er,  F.R.S.,  Mid  Gtorpf  Itaycrr 
Than4\  Trofi^Asor  of  Anatomy  in  Uaiversity  College,  London.     Nimtii  EmTtOiC. 

London,  i^itiS. 
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surface  rests  in  the  basilar  groove,  whilst  posteriorly  it  is 
received  into  the  fossa  named  the  '  vallecula/  between  the 
hemispheres  of  the  cerebellum,  and  there  bounds  the  fourth 
ventricle.  From  its  sides  the  seventh  to  the  twelfth  cranial 
nerves  issue. 

'*It  has  the  form  of  an  irregular  tnincated  cone,  being 
expanded  at  its  upper  part  both  laterally  and  dorso-ventrally : 
its  length  fn>m  the  lower  part  of  the  decussation  of  the  pyramids 
to  the  pons  is  nearly  an  inch  (20  to  24mm.)  ;  its  greatest  breadth 
is  about  three-fourths  of  an  inch  (17  to  18mm.) ;  and  its  thick- 
ness, from  before  backwards,  rather  less  (15mm).  In  its  lower 
part,  whfre  it  joins  the  spinal  cord,  its  measurements  are  but 
little  different  from  those  of  the  cord. 

"  The  atiterior  and  posterior  inedian  fissures,  which  partially 
divide  the  spinal  cord,  are  continued  up  into  the  medulla 
oblongata.  The  anterior  fissure  terminates  immediately  below 
the  pons  in  a  recess,  the  fot^aiiien  ccecum  of  Vicq  d'Azyr;  it  Ls 
partly  interrupted  below  by  the  decussating  bundles  of  the 
pyramids;  the  posterior  fissure  Is  continued  upwards  to  about 
the  middle  of  the  medulla,  where  it  expands  into  the  fourth 
ventricle. 

688o.  "The  structure  of  the  medulla  oblongata  will  be  most 
easily  made  clear  by  tracing  the  several  parts  of  the  spinal 
cord  upwards  in  their  continuity  with  the  parts  of  the  medulla 
oblongaU"  (il.p.  282). 

"  PosTEKiOR  C0LLT4NS.— It  will  be  remembered  that  in  the 
upper  region  of  the  spinal  cord  a  small  |>orlion  of  the  whole 
posterior  column  is  marked  ofiT  from  the  rest  by  a  well-developed 
pia  matral  septum,  and  is  indicated  in  the  surface  by  a  distinct 
longitudinal  prominence  bounded  laterally  by  &  phallow  groove. 
The  portion  thus  marked  off  is  the  posterior  median  column, 
and  the  prominence,  which  is  continued  up  into  the  medulia 
oblongata,  becomes  there  still  better  markod,  and  is  known  m 
the  funieuiiLS  gracilia.  This,  as  it  is  tniccd  upwards,  especially 
as  the  fourth  ventricle  is  approached,  broadens  out  into  an 
expansion  termed  the  clava,  and  as  the  ventricle  opens  out,  the 
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clavse  of  opposite  sides  diverge  and  form  the  lateral  b*:)undary 
to  the  ventricle  in  the  lower  part.  Above,  the  clavse  are 
tapered  off  aad  sood  become  no  longer  traceable.  The  funiculi 
graciles,  with  their  clavEe,  are  sometimes  described  as  the 
posterior  pyrairnds. 

"  Between  the  posterior  median  column  and  the  postero- 
lateral groove,  from  which  the  posterior  roots  of  the  cervical 
nerves  pass  out,  there  is  found  in  the  upper  part  of  the  cord  a 
single  distinct  column,  viz.,  the  posterior  lateral  column.  This 
is  also  the  condition  at  the  lowest  part  of  the  medulla,  close  to 
its  junction  with  the  cord.  But  very  soon  there  begins  to  be 
interpolated,  between  the  prolongation  of  this  column  and  the 
groove  in  question,  another  longitudinal  prominence  which  is  at 
first  narrow,  but  soon  broadens  out  into  a  considerable  eminence 
known  as  tubercle,  of  Rolando.  The  longitudinal  prominence, 
which  poisses  up  into  it,  is  therefore  termed  by  Schwalbe  the 
funiculus  of  Eokindo.  What  may  be  regarded  as  the  prolonga- 
tion of  the  postcro-Iateral  cotunm  also  gradually  expands  as  it 
ascends,  so  that  it  has  a  somewhat  wedge-like  form,  and  it  ia 
accordingly  known  as  the  cuneate  faBcicuhis,  On  a  level  with 
the  adjoining  clava  of  the  funiculus  gracilis,  the  enlarged  part 
of  the  cuneate  fasciculus  also,  like  that,  exhibits  a  slight 
eminence,  which  is  best  marked  in  children,  and  has  been 
termed  the  cufteate  tuhercU  (Schwalbe).  Beyond  tliis  the  cuneate 
fasciculus  passes  the  clava,  and  assists  in  forming  the  lateral 
boundary  of  the  fourth  ventricle. — The  funiculus  of  Rolando  is 
termed  by  Heule  the  lateral  cuneate  fasciculus:  It  is  produced, 
as  we  shall  presently  see,  by  the  approach  of  the  caput  comu 
posterioria  to  the  surface. 

"In  the  upper  part  of  the  medulla  oblongata,  the  cuneate 
fasciculus  is  concealed  by  a  set  of  fibres  (exterTuU  arciform  or 
arciKUe  fibres),  which  issue  from  the  anterior  median  fissure, 
and,  passing  transversely  outwards  on  the  surface  of  the  anterior 
pyramids  and  olivary  body,  tUm  upwards  to  join  the  restiform 
Lodj.  There  is  also  a  narrow  strand  of  fibres  marked  by  its 
vhito  appearance,  which  crosses  the  line  of  the  posterior  roots 
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from  the  lateral  column,  just  above  the  level  of  the  tubercle  of 
Rolando,  and  joins  this  tract  of  oblique  fibres.  This  is  the 
*  lateral  ccreheUar  tract'  [see  below  in  no.  C8S</].  .  .  .  These 
obliquely-crossing  fibres  turn  upwards  as  they  cross  the  funiculus 
of  Rolando  and  cuneate  fasciculus,  and  appear  to  blcud  with 
them  to  form  a  rounded  prominent  cord,  the  corpus  reetiforvic 
or  rope-like  body  which  passes  directly  into  the  corresponding 
hemisphere  of  the  cercbellumj  constituting  its  inferior  peduncle. 

"The  term  'restiform  body*  is  sometimes  made  to  include 
the  whole  of  the  posterior  column  of  the  medulla^  with  the 
exception  of  the  funiculus  gracilis,  but  with  the  addition  of  the 
lateral  cerebellar  tract,  and  the  fibres  which  cross,  as  above 
noticed,  from  the  anterior  pyramids.  By  others  again,  the 
term  is  used  synonymously  with  the  posterior  column.  But  it 
is  more  convenient  to  employ  it  in  the  restricted  sense  to 
indicate  the  tract  of  the  medulla  which  passes  up  into  the 
cerebellum,  and  this  is  mainly  constituted  by  the  arched  fibres 
above  mentioned,  reinforced  by  the  lateral  cerebellar  tract ;  the 
fibres  in  the  cuneate  funiculus  and  funiculus  of  Rolando  being 
in  alt  probability  not  continued  up  into  the  cerebellar  peduncle 
as  fnom  the  surface  those  funiculi  sometimes  appear  to  be. 

"Lateral  columns. — The  lateral  column  of  the  spinal  cord 
appears  on  the  surface  to  be  directly  continued  upwards  into 
the  lateral  column  of  the  medulla  oblongata.  In  reality,  how- 
ever, a  considerable  tract  of  the  white  fibres — that  which  in  the 
spinal  cord  we  have  noticed  as  the  'lateral  pyramidal  tract' — 
ifi  found,  at  the  lower  end  of  the  medulla,  to  cross  obliquely  in 
etout  bundles  through  the  grey  matter  of  the  anterior  coruu, 
and  across  the  anterior  median  fissure  to  the  other  side  of  the 
medulla,  where  they  form  the  medial  and  larger  part  of  the 
pyramid  The  rest  of  the  lateral  column  can  be  traced  verti- 
cally upwards  (with  the  exception  of  the  '  lateral  cerebellar 
tract*  which  passes,  as  already  indicated,  backwards  into  the 
restiform  body)  as  far  as  the  lower  end  of  the  olive  where  its 

longitudinally-coursing  fibres  become  concealed  by  t'  '    - it- 

ncnce  and  by  the  arched  fibres  already  noticed  '*  (pp.  :  ,i. 
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Itefid.  For  the  proper  understaudiug  of  the  terms  '  lateral 
pyramidal  tract,'  and  *  lateral  cerebellar  tract/  we  introduce  here 
the  corresponding  passage  from  the  chapter  on  the  '  Spinal 
Cord.' 

"lu  the  ANTERO-LATERAL  COLUMN  there  are  at  least  two 
tracts  wliich  can  be  traced  not  only  along  the  greater  part  of 
the  spinal  cord  but  into  or  from  certain  parts  of  the  eucephalou. 
The  two  tracts  in  question  have  fvccorlingly  been  named,  fr>ni 
their  upper  connections,  the  pyramidal  tract  or  tracts^  and  the 
direct  lateral  cerebellar  irctct. 

The  pyramiilal  tract  is  directly  traceable  down  from  the 
anterior  pyramid  of  the  medulla  oblongata.  The  greater 
number  of  the  fibres,  which  compose  the  pyramid,  cross  at  the 
upper  limit  of  the  spinal  cord,  down  which  they  pass  iu  the 
posterior  part  of  the  lateral  column,  as  a  compact  bundle  of 
fibres,  occupying  in  a  transverse  section  a  somewhat  oval  area, 
which  lies  in  tlie  angle  between  the  posterior  cornu  and  the 
outer  surface  of  the  cord,  but  is  in  most  parts  separated  from 
both  by  bundles  of  fibres  belonging  to  other  systems.  This 
latend  or  croHned  jxtrt  of  the  ^)y/'t<7nu/t(Z  tract  can  be  traced 
as  far  as  the  third  or  fourth  pair  of  sacral  nerves,  becoming 
gradually  smaller  below  and  approaching  the  surface  of  the 
cord 

"  Some  of  the  fibres  of  the  pyramids  of  the  medulla  do  not 
decussate  at  the  upper  limit  of  the  cord.  They  pass  down  close 
to  the  anterior  median  fissure,  which  gradually  dindnishes  as  it  Is 
traced  downwards,  and  ceases  altogether  at  about  the  middle  or 
end  of  the  dorsal  region  of  the  cord.  .  .  , 

"The  direct  lateral  cerebellar  tract  lies  between  the  lateral 
pyramidal  tract  and  the  outer  surface  of  the  cord,  occupying  a 
somewhat  narrow  area  of  the  transverse  section,  which  iu  upper 
reg-ions  of  the  cord  reaches  to  the  tip  of  the  posterior  cornel,  but 
luwer  down  becomes  more  limited,  and  is  separate<l  from  the 
conm  by  the  intervention  of  the  adjoining  pyramidal  tract  It 
disap|>eara  at  about  the  second  or  third  lumbar  nerves  (pp. 
277,  278). 


: 
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688«.  "The  olivary  body,  &s  its  name  implies,  is  an  olive- 
shaped  prominence,  which  lies  in  the  upper  part  of  the  medulla 
immediately  above  the  apparent  termination  of  the  lateral 
column,  and  extending  nearly  as  far  as  the  lower  border  of  the 
pons,  being  only  separated  from  this  by  the  deep  groove  in 
which  is  sometimes  a  small  band  of  arched  fibres.  The  line  of 
exit  of  the  hypoglossal  nerve-roots  lies  on  its  inner  or  mesial 
border,  that  of  the  accessory,  vagus  and  glosso-pharyngeal  roots 
along  its  outer  side,  but  the  latter  are  separated  from  it  by  a 
groove  in  which  longitudinal  fibres,  prolonged  from  the  lateral 
tract.,  can  be  seen.  Sometimes  there  is  a  small  longitudinal 
tract  running  along  its  inner  border  also,  and  in  such  case,  with 
the  arched  fibres  above  and  below,  the  olive  appears  to  be 
entirely  enclosed  by  a  fibrous  strand,  which  has  sometimes  been 
described  as  its  capsule  (siliqua  oliva?).  The  longitudinal  tracts, 
before  and  behind  the  olive,  are  oft^n  concealed  in  great 
measure  by  the  arched  fibres,  which  may  form  a  complete 
superficial  layer  over  the  olive,  and  indeed  over  the  whole 
anterior  and  lateral  surface  of  this  upper  part  of  the  medulla 
(pp.  288.  289). 

"The  NUCLEUS  OF  THE  OLIVARY  BOPY,  which,  from  its 
appearance  in  section,  has  l>cen  termed  the  corpus  deniatu/m 
of  the  olhv,  is  enclosed  in  the  olivary  prominence,  and  is  there- 
fore situated  in  the  lateral  area  of  the  medulla,  but  the  grey 
matter  is  not  visible  from  the  surface,  being  covered  by  both 
longitudinal  and  transverse  white  fibres.  It  takes  the  form  of 
a  thin  wavy  lamina,  which  is  curved  round  at  its  edges  so  as  to 
fotm  an  ovoid  scalloped  capsule.  The  open  part  or  hilus  of 
this  looks  towards  the  middle  line  and  receives  a  considerable 
tract  of  white  fibres  which  emanate  from  the  anterior  area 
immediately  behind  the  pyramid,  and  pass  into  the  hilus  along 
its  whole  extentj  forming  the  so-called  olivai^j  jyeduncU.  Under 
the  microscope  tho  nucleus  appears  as  a  wavy  band  of  neuroglia^ 
with  small  multipolar  cells  imbedded  in  it.  The  fibres  of  the 
olivary  peduncle  diverge  as  they  pass  to  the  grey  lamina. 
They  partly  terminate  in  the  axis-cylinder  processes  of  its  cell*. 
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and  partly  pass  in  small  bundles  through  the  lamina,  those 
which  arc  more  posterior  turning  backwards  and  coursing 
obliquely  (as  internal  arcuate  fibres)  through  the  posterior  part 
of  the  lateral  area  to  join  the  rcstiform  body,  whilst  the  others 
have  a  more  direct  course  through  the  grey  iarnina,  and  run 
between  the  longitudinal  fibres  which  cover  the  olive.  On 
reaching  the  surface  they  bend  round  and  are  continued  as  part 
of  the  layer  of  external  arcuate  fibres.  Some  may  not  reach 
the  surface,  but  turn  upwards  and  reinforce  the  longitudinal 
fibres  just  mentioned. 

"Besides  the  main  olivary  nucleus,  two  smaller  bauds  are 
generally  seen,  looking  like  separated  portions  of  the  chief 
nucleus.  They  are  situated  one^ou  the  dorsal,  and  the  other  on 
the  mesial  aspect  of  the  chief  nucleus,  and  are  known  as  the 
ontcr  and  inner  accessoiy  oHva-i^j  nuclei.  They  arc  traversed 
like  the  main  nucleus  by  bundles  of  internal  arcuate  fibres  going 
to  the  restiform  body,  and  are  frequently  connected  at  one  or 
two  places  to  the  main  nucleus.  The  inner  accessory  nuclei  are 
sometimes  termed  the  pyramidal  nuclei,  for  they  lie  immediately 
^m  behind  the  pyramid  (p.  205). 
^1  688/.  "  Anterior  coLrMN&     Pyramids  or  the  medulla. 

^H  — ^The  anterior  columns  of  the  cord,  although  on  superficial  iu- 
^^  spection  they  appear  to  be  prolonged  into  the  i)yramid3  of  the 
I  medulla,  are  so  only  to  a  smaJI  extent.     For  the  '  lateral  pyra- 

I  midal   tract,'  crossing  the  anterior   median   fissure   from   the 

I  lateral  column,  is  continued  upwards  close  to  that  fissure,  and 

I  unites  with  the  comparatively  small  anterior  pjTAmidal  tract  to 

^^^^^constitute  the  prominence  known  as  ihopifmmld.  The  prolon- 
^^^^P^tion  upwards  of  tbo  rest  of  the  anterior  column  of  the  cord  lies 
deeply,  being  altogether  concealed  from  view  by  the  pyramids. 

"The  PYRAMIDS  are  bruadt^r  and  more  prominent  above  than 
below.  They  are  bounded  internally  or  mesially  by  the  anterior 
median  fissure,  and  externally  by  the  olivary  bodies,  being 
Bcparatcii  from  these  by  the  groove  before  mentioned,  from 
which  the  roots  of  the  hypoglossal  nen'e  issue.  At  their  upper 
end  thev  are  constricted,  and  thus  enter  the  substance  of  the 
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pons,  through  ^hich  their  fibres  may  be  traced  into  tbe 
peduncles  of  the  cerebrum. 

"  The  (hcusvation  of  the  pyramids  is  the  name  given  to  the 
obliquely-crossing  bundles  of  the  '  lateral  pyramidal  tract,'  which 
are  seen  in  the  anterior  median  fissure  at  the  lower  part  of  the 
medulla.  The  extent  to  which  the  decussation  is  visible  varies 
cousiderably  in  different  individuals ;  for  in  some  the  bundles 
take  a  deeper,  in  otliera  a  more  superficial  course.  Further,  in 
some  cases  a  larger  share  than  usual  of  the  longitudinal  fibres 
of  the  pyramids  passes  down  in  the  'anterior  pyramidal  tract,' 
and  a  correspondingly  smaller  sliare  in  the  '  lateral  pyi-amidal 
tract/  And  since  the  anterior  tract,  which  in  the  pyramid  is 
external  to  the  lateral  tract,  does  not  cross  in  the  medulla,  but 
merely  passes  obliquely  at  its  lower  end  to  attain  the  sido  of  the 
anterior  median  fissure,  the  decussation  in  these  cases  is  of  less 
extent.  On  the  other  hand,  in  rare  cases,  the  whole  of  the  fibres 
of  the  anterior  pyramid  may  cross  over  at  the  lower  part  of  the 
medulla,  and  become  *  lateral  pyramidal  tract,'  in  wliich  case  the 
anterior  or  uncrossed  tract  is  wanting  in  the  cord,  and  the 
medullary  decussation  is  very  well  marked.  All  transitions  are 
found  between  these  two  conditions  (pp.  288,  289). 

688(7.  "The  internal  structure  of  the  medulla  oblongata,  like 
the  external,  is  best  understood  by  tracing  its  several  parts  up- 
wards from  the  spinal  cord  ,  .  . 

*'Thc  first  changes  are  produced,  both  in  internal  structure 
and  in  the  external  form,  by  the  passage  of  the  fibre-bundles  of 
the  'lateral  pyramidal  tract,'  obliquely  through  the  grey  matter 
of  the  ANTERIOR  COUN'U,  and  acro3.s  the  anterior  median  fissure 
to  the  pyramid  of  the  opposite  side.  By  this  abrupt  passage  of 
a  large  number  of  white  fibres  through  it,  the  anterior  comu  is 
bruken  up,  and  one  part,  the  caput  cornu,  is  entirely  separated 
from  the  rest  of  the  grey  matter;  whilst  only  the  base  of  the 
cornu  remains,  ns  n  small  portion  of  grey  matter,  close  to  the 
antero-Iateral  aspect  of  the  central  canal 

"  The  separated  portion  of  tlie  anterior  cornu  becomes  pushed 
over  to  the  side  by  the  devclopmcnl  of  the  pyramid  and  the 
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interpolation  higher  up  of  the  olivary  body  between  them,  so 
that  it  comes  to  lie  close  to  the  remains  of  the  posterior  coma 
[see  below  no.  688/t].  The  greater  part  of  its  substance  is 
broken  up  into  a  foi^^yuxtio  reticularis,  i.e.,  a  comparatively 
coarse  network  of  grey  matter  conUiiuing  nerve-cells,  iutersected 
by  bundles  of  white  fibres;  but  a  small  part  of  the  comu 
remains  for  a  time  in  the  lateral  column,  near  the  surface,  and 
is  known  as  the  nucleus  of  that  column — micleua  hiteralis — 
(pp.  290,  291). 

"The  FORMATio  RETICULARIS  occupics  the  whole  of  the 
anterior  and  lateral  areas  of  the  medulla  dorsal  to  the  pyramids 
and  olives  respectively.  It  is  thus  named  on  account  of  the 
appearance  wliich  it  presents  in  a  transverse  section  viewed 
under  a  moderate  magnifying  power.  This  reticular  appearance 
18  caused  by  the  intersection  of  bundles  of  fibres  belonging  to 
two  seta  which  run  at  right  angles  to  one  another.  Those  of 
the  one  set  are  longitudinal,  and  these  are  intersected  by  trans- 
verse fibres  which  pass  obliquely  from  the  raph<^  outwards  and 
somewhat  backwards  with  a  curved  course  towards  the  funiculus 
gnu*iliB  and  funiculus  cuneatus,  and  the  olivary  nucleus,  and 
also  in  the  upper  part  of  the  medulla  through  the  restiform 
body. 

"  la  some  parts  grey  matter  with  nerve-cells  enters  into  the 
constitution  of  the  fonnatio  reticularis.  The  cells  arc  esj>ecially 
large  and  numerous  in  the  reticular  formation  of  the  lateral 
area  near  the  remains  of  the  anterior  comu,  and  its  gi*ey  matter 
is  presumably  derived  in  great  measure  from  the  latter.  In 
the  anterior  or  mesial  area  of  the  medulla,  nerve-coils  are 
absent  from  the  formatio  reticularis,  and  tl»ia  is  therefore 
sometimes  distinguished  as  th^  formaiio  reticulainji  nllxt  from 
the  other  or  fonnatio  rdicuUnnfi  gt-Ueu. 

"The  longitudinal  fibres  of  the  reticular  formation  of  the 
anterior  area,  with  the  exception  of  those  which  occupy  the 
tract  nearest  to  the  pyramids,  arG>  prolonged  from  the  remainder 
of  the  anterior  cohnnn  of  the  spinal  cord  after  the  passage  of 
the  onteriur  (direct)  pyramidal  tract  into  the  outer  side  of  the 
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pyramid.  Those  nearest  the  pyramids  are  derived  from  arched 
iibrcs  which  issue  from  the  nuclei  of  the  funiculi  graciles  and 
from  the  olives,  and  turn  longitudLnally  upwards  in  this  part. 
Those  of  the  reticular  formation  of  the  lateral  area  are  prolonged 
from  the  remains  of  the  lateral  column  after  the  '  lateral  pyra- 
midal tract/  and  the  '  lateral  cerebellar  tract '  have  passed  to 
their  respective  destinations.  .  .  .  According  to  Deiters,  the 
axis-cylinder  processes  of  the  nerve-cells  of  the  reticular  for- 
mation all  pass  downward,  while  their  branched  processes  are 
directed  horizontally  (pp.  296,  297). 

688/a.  "  Meanwhile  [that  is,  while  the  substance  of  the  anterior 
comu  is  broken  up  into  the  fornuUlo  i^eticidains]  the  postkkior 
CORXUA  become  gradually  shifted  laterally,  simultaneously  with 
an  increase  iu  size  of  the  posterior  columns  of  the  medulla,  so 
that  in  place  of  forming  an  acute  angle  with  the  posterior 
median  fissure,  they  now  lie  almost  at  right  angles  to  it 
Moreover  the  caput  cornu  culargcs  and  comes  close  to  the 
surface,  where  it  presently  forms  a  distinct  projection,  the 
funiculus  of  Rolando,  which,  a  little  higher  up,  swells  into 
the  tuJbeixle  of  Rolando,  At  the  same  time  the  cervix  comu 
diminishes  in  size  and  like  the  anterior  comu  is  eventually 
broken  up  by  the  passage  of  transverse  and  longitudinal  bundles 
of  white  fibres  through  it,  into  a  reticular  formation,  which 
then  separateji  the  caput  comu  posterior  from  the  rest  of  gn^.y 
matter,  and  joins  the  reticular  formation  derived  from  the 
anterior  comu.  Id  the  tubercle  of  Rolando  the  caput  comu  is 
dose  to  the  surface,  and  its  grey  substance  can  readily  be  seen, 
but  above  the  tubercle  it  lies  deeper  being  covered  by  a  well- 
marked  bundle  of  ascending  white  fibres — ascending  root  of  the 
fifth  nerve — and  by  the  oblique  arched  fibres  which  are  passing 
over  it  to  form  the  reslifonn  body, 

"The  grey  matter  of  the  bapo  of  the  posterior  comu  under- 
goes ft  considerable  increase  aa  we  trace  it  upwanls  in  sections. 
For  portions  of  grey  matter  are  soon  found  to  extend  from  it 
into  the  funiculi  graciles  and  cuneati,  forming  the  so-called 
nncloi  of  those  )?oluinna.     Those   nucU'i  are  at  first  narrow  In 
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transverse  section ;  but  as  the  central  canal  approaches  the 
posterior  surface  of  the  medulla,  they  appear  as  comparatively 
thick  masses,  which  produce  externally  the  eminences  of  the 
clava  and  the  cuneate  tubercle.  Outside  the  nucleus  of  the 
funiculus  cuneatus — which  is  often  known  as  the  restiform 
nucleus — a  small  accessory  or  external  nucleus  becomes  formed. 

"  When  the  slit-like  upper  end  of  the  central  canal  opens  out 
into  the  fourth  ventricle,  the  small  remaining  portion  of  the 
base  of  the  anterior  comu  comes  to  the  surface  of  tlie  floor  of 
the  ventricle,  and  as  the  sections  are  traced  forward  increases 
gradually  in  size,  producing  the  eminence  of  the  funicuhta 
tertB,  In  it,  both  in  the  lower  part  of  the  medulla  where  the 
canal  is  still  closed,  and  above  where  it  has  opened  out,  a  group 
of  large  nerve-cells  is  seen  in  the  transverse  sections  represent- 
ing a  longitudinal  vesicular  column.  From  this  column  of  cells 
the  successive  bundles  of  the  roots  of  the  hyjjoglossal  nerve 
arise  and  pass  obliquely  through  the  substance  of  the  medulla 
to  leave  it  on  its  anterior  aspect  The  tract  of  nerve-cells 
is  accordingly  known  as  the  h^fpoglmsal  vitcleus. 

**  In  the  fourth  ventricle  the  hypoglossal  nucleus  lies  a  short 
distance  from  the  surface.  Nearer  to  the  surface  of  the  floor 
and  nearer  also  the  median  groove  is  a  small  group  of  cells 
continuous  with  those  found  in  the  raph^  presently  to  be 
described,  and  known  sometimes  as  the  7iucleiis  uf  the  funi- 
culus tnra. 

"  At  the  base  of  the  posterior  comu.  in  the  lower  part  of  the 
medulla,  and  near  the  central  canal,  a  group  of  cells  is  seen  in 
section,  which  seems  to  correspond  with  the  hypoglossal  group 
in  the  base  of  the  anterior  comu.  This,  if  traced  upwards,  is 
found  to  be  pushed  to  the  side  as  the  central  canal  opens,  so 
that  in  the  floor  of  the  ventricle  it  lies  outside  the  hypoglossal 
nucleus.  The  group  or  column  of  cells  in  question  corresponds 
to  the  prominence  of  the  ala  cinetva  which  appears  on  the 
surface,  and  it  extends  forwards  as  far  as  the  fovea  pOHterior. 
From  it  there  arise  successively  bundles  of  fibres  of  the 
roots    of    tlie   spinal  accessory,  vagus  and  glosso-pharyngeal 
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nerves :  those  of  the  upper  roots  of  the  spinal  accessory  in  the 
lower  part  of  the  medulla  where  the  canal  is  still  closed ;  those 
of  the  vagus  beginning  at  the  commencement  of  the  ventricle, 
and  arising  along  the  length  of  the  eminetitta  citterea; 
and  those  of  the  glosso-pharyugeal  coming  for  the  most 
part  from  the  upper  part  of  the  ala  cinerea,  and  from  the 
posterior  fovea.  The  column  of  cells  in  question  forms  then, 
successively,  the  NUCLEUS  OF  the  spixal  accessory,  pneumo- 

GASTRIC  and  GLOSSO-PHARYNGEAL  NERVES. 

"  Towards  the  upper  part  of  the  medulla  another  tract  of  cells 
becomes  developed  outside  the  line  of  accessory,  vagus,  and 
glosso-pharyngeal  nuclei.  This  tract  corresponds  to  the  lateral 
triangular  area,  which  is  seen  on  the  surface  outside  the  ala 
cinerea,  and  which  passes  into  the  tubemdum  acuaticuTa 
of  Schwalbe.  From  it  most  of  the  fibres  of  the  auditory  nerve 
take  origin,  and  it  is  accordingly  named  the  PRINCIPAL  AUDITORY 
NUCLEUS. 

"  The  nerve-cells  in  the  hypoglossal  nucleus  are  larger  than 
those  in  the  spinal  accessory,  vagal  and  glosso-pharyngeal  nucleL 
Those  in  the  nucleus  of  the  funiculus  gracilis  are  also  of  con- 
siderable size  (pp.  292-295). 

"  Besides  the  collections  of  grey  matter  which  are  traceable 
from  the  grey  matter  of  the  spinal  cord,  portions  occur  in 
certain  parts  of  the  medulla  oblongata,  which  are  not  r«^presented 
in  the  cord.  Of  these  the  most  important  is  the  nucleus  of  the 
olivai^y  body.  .  .  .  Other  small  collections  of  grey  matter  and 
nerve-ooUs  are  scattered  in  certain  parts  of  the  fonuatio  reticu- 
laris, as  well  as  one  or  two  distinct  tracts  in  connection  with  the 
extenui!  arcuate  fibres,  and  a  considerable  amount  in  the 
median  septum  or  rapht^  (p.  295). 

088iv  "The  ARCIFORM  or  ARCUATE  FIBRES  of  the  medulla, 
which  have  more  than  once  been  alludcil  to.  are  the  curved 
fibres  which  ore  seen  in  transverse  sections  coursing  in  the  plane 
of  that  section.  From  their  position  they  are  distinguished 
ini-*j  external  and  internal,  or  supf'rficial  and  deep. 

"The  »\ipm'fictnl  arcuate  jibrea  cmerg<',  for  tlip  tnosf  ^»ait, 
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from  the  anterior  median  fissure,  and  passiug  over  the  pyramids 
and  olives,  many  of  them  go  to  the  restiform  body.  They  are 
added  to  the  deep  fibres  which  corae  to  the  surface  partly  in 
the  groove  between  the  pyramids  and  olives,  partly  after 
passing  through  the  olives,  as  before  mentioned.  Traced  back 
in  the  anterior  median  fiasure,  they  are  seen  to  enter  the 
raph^  and  to  cross  over  in  it;  after  which  it  is  supposed 
they  may  become  longitudinal,  but  their  further  course  is 
not  certainly  known. 

"The  deep  arcuate  fibres  emerge  from  the  raph^,  and  trans- 
verse the  thickness  of  the  medulla,  tending  towards  the  olives, 
the  restiturm  budv,  and  the  nuclei  of  the  cuneate  and  slender 
fasciculi.  As  we  have  just  seen,  those  which  paas  through  and 
in  front  of  the  olives  are  in  continuity  with  the  superficial 
arcuate  fibres. 

"Traced  backwards  into  the  raph^,  the  deep  arcuate  fibres 
appear  to  cross  obliquely  to  the  other  side  of  tlie  medulla,  where 
in  all  probability  they  mostly  become  longitudinal,  Joining  the 
fibres  of  tlie  formatio  reticularis  alba  Others  are  said  to  turn 
upwards  and  become  longitudinal  before  reaching  the  raph^. 
The  cells  of  the  formatio  reticularis  grisea  arc  probably 
connected  with  some  of  the  deep  arcuate  fibres. 

"  Amongst  the  superficial  arcuate  fibres,  or  between  them 
and  the  subjacent  columns  of  the  medulla,  small  collections  of 
grey  matter  with  nerve-cells  are  here  and  there  met  with, 
which  are  distinguished  as  the  nuclei  of  the  euperjiciid  arcuate 
fibres.  The  princi|)al  group  of  cells  lies  &u|)erficiat  to  the 
pyramid  on  either  side.  The  norve-cells  of  these  nuclei  are 
connected  partly  with  the  arciform  fibres,  partly  with  the  fibres 
of  the  adjacent  pyramid  (p.  2D7). 

G8S;.  "The  kaphe  or  septum  is  composed  of  fibres  which 
run  in  part  dorso-ventrally  (fibrje  recta?),  in  part  longitudinally, 
and  in  part  across  the  septum  more  or  less  obliquely.  Inter- 
mixed among  the  ner\'e-tibres  are  a  nuniber  of  nerve-cells  in 
grey  matter.  The  fibroe  rectas  arc  continuous  anteriorly  with  the 
superficial  arched  fibres  which  emerge  at  the  anterior  median 
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fissure ;  posteriorly  with  fibres  from  the  funiculi  graciles  in  the 
lower  part,  and  from  the  nuclei  of  the  funiculi  teretes  in  the 
upper  part  of  the  medulla.  The  longitudinal  are  chiefly  fibres 
which  have  passed  into  the  raphd  as  fibrte  rectaj,  or  as  superficial 
or  deep  arcuate  fibres,  and  iu  it  have  altered  their  direction 
and  become  longitudinal. 

The  obliquely-crossing  fibres  are  the  deep  arched  fibres  which 
enter  or  emerge  from  the  raphd  Others,  however,  near  the 
dorsal  edge  of  the  raphd,  seem  to  come  from  the  nuclei  of  the 
nerve-roots,  and  these  may  pass  more  directly  across  as  commis- 
sural fibres  either  into  the  formatio  reticularis,  or  into  the 
pyramid  of  the  other  aide,  lu  either  case  becoming  longitudinal. 
The  nerve-cells  of  the  raph^  are  multipolar  cells,  thoao  in  the 
middle  being  chiefly  spindle-shaped.  The  latter  are  connected 
with  fibnc  rectae  (Clarke),  whilst  the  more  laterally  situated 
ones,  at  least  those  near  the  anterior  median  fissure,  are  con- 
nected with  some  of  the  superficial  arcuate  fibres  (p.  208). 

688jL  "Summahy  of  course  of  nerve-fibres  from  the 
spinal  cord  upwards  through  the  medulla  oblongata. — 
Assuming  for  convenience  of  description  the  existence  of  three 
white  columns  of  the  spinal  cord  on  each  side,  the  various  parts 
of  these  are  continued  upwards  as  follows : — 

*'  The  posterior  coluvin  forms  in  the  medulla  oblongata  tho 
white  substance  of  the  three  posterior  funiculi :  viz..  the  funiculus 
gracilis,  the  funiculus  cuneatus,  and  funiculus  Rolandi  The 
longitudinal  fibres  of  the  first  two  appear  to  end  in  the  grey 
matter  which  forms  their  nuclei ;  and  numerous  deep  arcuate 
fibres  enter  or  emerge  from  the  same  collections  of  grey  matter. 

**The  cuneate  funiculus  has  been  commonly  described  as 
passing  up  into  the  restiform  body,  but  it  seems  doubtful  if  any 
of  its  fibres  do  actually  take  part  in  the  constitution  of  that 
body,  although  from  the  surface  the  funiculus  in  question  and 
the  restiform  body  appear  to  be  in  continuity  with  one  another, 

"  The  lai^e  part  of  the  lateraX  column  of  the  cord,  viz.,  the 
lateral  jyyntviidal  tract,  passes  into  the  opposite  pyramid  of  the 
medulla,  and  ascends  iu  this  and  in  the  ventral  hulf  of  the  pons 
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towards  the  peduncle  of  the  cerebrum.  Together  with  the  small 
part  of  the  anterior  column  of  the  cord  which  also  enters  into 
the  constitution  of  the  pyramid,  it  forms  the  pyiuynidal  h^act 
of  the  encephalic  iMmua  of  Flechsig  (peduncular  tract  of 
MejULTt).     Some  of  the  fibres  of  the  pyramid,  however,  emerge 

external  arcuate  tibrcs,  and,  joining  the  restiform  body,  pass 
to  the  cerebellum.  A  smaller  part  of  the  lateral  column  of  the 
cord,  the  direct  lateral  cerebellar  tract,  passes  at  about  the  middle 
of  the  medulla  obliquely  baokwards  to  join  the  restiform  body. 

"  The  rest  of  the  lateral  column  dips  under  the  olives  and 
forms  the  longitudinal  fibres  of  the  fonnatio  reticularis  grisea. 
These  are  continued  through  the  dorsal  part  of  the  encephalic 
isthmus  towards  the  corpora  quadrigemina  and  optic  thalamus. 

**  The  anterior  colmrtn  of  the  cord  in  part  is  continued  into 
the  pyramid  of  the  same  side,  but  chiefly  dips  under  the  pyramid 
and  fonns  the  longitudinal  fibres  of  the  fonnatio  reticularis 
alba  in  the  dorsal  part  of  the  mesial  area.  These  pass  upwards 
to  the  cerebrum.  In  the  pons  Varolii  one  tract  of  them 
becomes  collected  into  a  well-marked  fasciculus  (posterior 
longitudinal  bundle),  and  most  of  the  others  form  another  tract 
(tract  of  the  fillet)  which  terminates  in  the  region  of  the 
corpora  quadrigemina.  In  the  region  of  the  medulla  they  are 
indistinguishable  from  one  another  in  the  adult,  but  in  the 
foetus  they  are  found  to  develop  at  different  periods,  and  are 
then  readily  difierentiated  (Flechsig). 

"A  small  bundle  of  fibres  of  the  anterior  column  of  the  cord 
was  described  by  Solly  as  passing  obliquely  upwards  below  the 
olive  to  join  the  restiform  body.     This  is  not  always  present." 

6HSL  Metnert.^ — "  The  peduTiculi  cerehelli  inferiores — 
processus  cerebelli  ad  meduUam — convey  a  contribution  of 
fibres  from  the  cerebellum  to  the  posterior  columns  of  the  spinal 
cord.  Each  pedunculus  cerebelli,  according  to  Stilling,  ia 
divided  into  an  outer  and  inner  division.  .  .  ,  The  outer 
division,  the  corpus  restifoi'me,  is  a  fasciculus  of  considerable 
size,  which   emerges   from  the   cerebellum  at  a   point  which, 

^  "Op.  ciut." 
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measured  on  the  pons  Varoliij  corresponds  to  the  rcgious  between 
the  origins  of  the  superior  and  inferior  roots  of  the  facial 
nerve.  .  .  .  The  inner  division  emerges  from  the  cerobellum  at 
about  the  same  level  with  the  corpus  restifonne,  and  forma  a 
tract  of  fine  bundles  of  fibres  which,  on  cross  sections,  appears 
as  a  four-sided  surface,  lying  to  the  inner  side  of  the  oval  surface 
presented  by  the  former  tract.  .  .  .  Deiters  is  not  justified  in 
denying  that  any  portion  of  the  fibres,  which  make  up  the  inner 
division  of  the  podunculus  c^rebelli,  are  derived  directly  from 
the  cerebellum  (pp.  716.  717). 

"The  fibrous  system  of  the  Jibrce  arcuatm — fihnc  vcl  pro- 
cessus arciformes — plays  an  important  part  .  .  .  in  the  structure 
of  the  posterior  tract  of  the  caudex  cerebri,  that  lies  between 
the  level  at  which  the  decussation  of  the  ^processus  cerehelli  ad 
cerehnun  is  completed,  and  that  which  corresponds  to  the  lower 
extremity  of  the  olivary  body.     Tlie  greater  part  of  these  trans- 
verse fibres  are  derived  firom  the  peduuculus  cerebelli,  and  as 
emissaries  of  the  latter  they  weave  themselves  among  the  fibres 
of  the  projection  system.     It  is  certain  that  the  fibrw  arcuatce 
of  the  superior  part  of  this  region  enter  into  connection  with 
the  clusters  of  the  smaller  nerve-cells,  and  through  their  agency, 
with  the  fibres  of  the  projection-system,   the   future  antero- 
lateral columns  of  the  spinal  cord.     The  'mUldle  system  of  fibrae 
arcuate  is  connected  with  the  nucleus  dentatus  of  the  superior 
olivary  body.  .  .  .  After  having  decussated  at  the  median  line, 
these   fibres  direct   their  course  outwards  ...  to  reach    the 
superior  olivary  body.     By  winding  themselves  spirally  around 
the  surface  of  their  nucleus,  they  help  to  form  for  it  a  capsule 
of  nerve-fibres,  and  then  make  their  way  tmnsversely  through 
its  substance,  entering  undoubtedly  into   connection  with  its 
nerve-cells.     Besides   being  united   in    this  manner  with   tho 
restiform  body  of  the  opposite  side,  tho  nucleus  dentatus  of  tlie 
superior  olivary  body  is  further  brought  intu  connection  with 
the  cerebellum,  by  means  of  fibres  that  run  directly  into  th« 
latter,  piercing  on  their  way  the  inner  division  of  the  pedunculus 
oerebelU.    The  third  or  inferior  system  of  fibr*^!  arcuatce  Irotn 
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the  pedunculus  cerebelli  lies  in  the  region  of  the  ioferior  olivary 
body.  .  .  .  The  fact  that  the  corpus  restiforme,  the  outer 
division  of  the  pedunculus  cerebelli,  progressively  dimiuishes  in 
size  from  above  downwards,  finally  to  disappear  altogether,  just 
at  the  same  rate  at  which  the  funiculi  gracilla  et  cuneattia, 
the  posterior  column  of  the  oblongata,  increase  in  size,  justifies, 
and  even  forces  upon  us,  the  conclusion  that  the  two  tracts 
constitute  in  reality  only  different  portions  of  one  coherent 
system,  the  posterior  column  of  one  side  having  its  origin  in 
ih»  oerehellar  heviisjyfierc  of  the  other  side  "  (pp.  722-724). 

6&Hm.  "  The  fibrous  tracts  of  the  oblongata,  from  which  the 
posterior  columns  are  formed,  may  be  divided  into  two  groups, 
each  of  which  follows  a  diti'erent  course:  1.  The  oulefviost  and 
Tnuidle  fihrm   arcuatce  from   the  restiform   body  .  .  .  having 
their  origin  in  the  cerebellum,  pass  in  p  irt  around  and  to  the 
outside  of  the  ascending  root  of  the  fitih  pair  and  the  olivary 
body  .  .  .  and  in  part  they  make  their  way  through  the  root 
of  the  fifth  pair  as  well  as  through  the  olivary  body,  although 
without  entering  into  connection  with   the  nerve-cells  of  the 
latter.  .  ,  .  These  fibraj  arcuatae  then  cross  the  median  raphti 
of  the  oblongata  .  .  .  and  make  their  way  into  the  hilus  of  tlio 
olivary  body  of  the  opposite  side,  entering  into  connection  with 
the  nerve-cells.  .  .  .  This  view  is  confirmed  by  the  atrophy  of 
one  hemisphere  of  the  cerebellum  always  occurring  in  connec- 
tion with  atrophy  of  the  opposite  inferior  olivary  body.     From 
the  cells  of  the  olivary  body,  the  fibne  arcuate  (rather  the 
posterior    set  of   them)  continue    their    course   towards   the 
funiculi  gracilis  et  cuneatvi^,  which  form  the  posterior  column 
of  the  opposite  side  from  that  hemisphere  of  the  cerebellum  in 
which  they  originated^  to  become  finally  a  com}>onent  part  of 
these  longitudinal  tracts,  after  making  their  way  tlirough  the 
nuclear  masses  of  the  same  enclose.     The  bulk  of  the  funiculi 
is  thereby  so  much  increased  that  they  approach  the  median 
line  from  both  sides  behind  the  central  tubular  grey  mass  of 
the  region,  so  as  finally  to  come  into  apposition  with  each  other, 
leaving  only  the  posterior  fissure  between  them.     S.  ,  .  .  The 
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most  postemm^  of  the  6bne  arcuataj  .  .  .  traverse  the  substaDce 
of  the  olivary  body  of  the  same  aide,  but  pass  behind  the 
opposite  olivary  body,  after  crossing  the  raph^,  and  having 
entered  into  connection  with  the  large,  scattered  cells,  they  join 
the  posterior  column,  their  final  destination.  It  is  especially  this 
set  of  fibrse  arcuatse  that  enter  into  connection  with  the  large, 
irre^larly-grouped  cells  of  the  motor  district  of  the  oblongata 

"Having  reached  their  respective  posterior  columns,  the 
collective  groups  of  fibres,  whose  course  we  have  been  consider- 
ing, lose  themselves  in  collections  of  nerve-cells,  within  which 
they  become  organized  anew  into  a  sort  of  network  which  gives 
a  peculiar  flame-like  appearance  to  cross-sections;  and  they 
separate,  below  the  floor  of  the  ventricle,  into  two  groups  that 
are  fused  together  anteriorly,  known  as  the  nttcUar  7n<i88€8  of 
the  funiculi  gracilis  et  cuneatus  respectively.  The  component 
elements  of  these  nuclei  are  for  the  most  part  of  STiiall  size 
(24/i  by  6-9/i),  only  a  small,  but  easily  distinguishable  aerai- 
circular  group  of  the  outermost,  hindermost  cells  of  the  funiculus 
cuneatus,  being  made  up  of  larger  elements  (30-36/1  by  15^). 

"  The  various  paths,  followed  by  the  fibnc  transversa  from  the 
pedunculi  cerebelli,  serve  moreover  to  place  these  fibres  in  cou- 
nectiou  with  the  fasciculi  of  the  projection  system,  composing  the 
continuation  of  the  tegmentum  cruris  cerebri.  The  two  systems 
of  fibres  seem  by  no  means  merely  to  lie  aide  by  side  without 
further  connection,  but  to  lie  actually  united  with  each  other  by 
means  of  the  above-mentioned  cluders  of  s^nall  ccUif.hy  means  of 
the  olivanj  bodies,  and  perhaps  even  by  the  large  scattered  cells, 

"  The /t/>nB  transversa;  of  the  oblongata,  which  [>a>8  over  into 
the  posterior  columns,  constitute  manifestly  a  centripetal  tract 

"  Deitere  regarded  the  longitudinal  crural  fibres,  that  btaud  in 
connection  with  the  olivary  bodies,  as  serving  to  prolong  the 
posterior  columns  of  the  cord  into  the  cerebi^al  lobes.  Such  au 
assumption  is.  however,  by  no  means  justifiable,  since  those 
fibres  that  pass  from  the  tegmentum  into  the  olivary  bodies 
proceed  from  tracts — the  stratum  Icmnisci  and  the  motor 
district  of  the  tegmentum — that  are  continuatiousof  theautcro- 
iatern]  columns  of  the  ^pinul  cord  "  (pp.  724-727)]. 
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689.  As  soon  as  the  fibres  of  the  cerebrum,  as  well  aa  those 
of  the  cerebellum,  leave  their  paternal  soil,  the}'  flow  tctgether 
Id  a  common  c&udez  or  stem,  which  is  called  medulla  oblongaU, 
where  they  are  also  joined  by  new  or  recent  fibres  bom  from 
the  caudex  itself.  As  regards  the  fibres  of  the  cerebrum,  they 
are  brought  forth  from  its  universal,  cortical  envelope,  and,  after 
being  collected  together  they  meet  near  the  edges  of  the  optic 
thalami,  and  of  the  beginnings  of  the  medulla  oblongata,  which 
are  called  upper  and  lower,  anterior  and  posterior  corpora  striata. 
Into  these  bodies — called  central  ganglia — the  cerebral  fibres 
immerse  from  all  sides  in  a  straight  and  oblique  direction* 
rushing  towards  the  anterior  extremities  of  the  same,  where 
ihcy  thoroughly  imbed  themselves.  Thence  they  pass  through 
the  medullary  cylinder  of  the  medulla  oblongata,  and,  flowing 
down  its  anterior  and  posterior  portions,  they  enter  the  spine  of 
the  back-  The  fibres  of  the  cerebellum  also,  which  first  were 
consolidated  in  one  trunk,  and,  subsequently,  in  their  course, 
cleft  again  into  three  forks,  enter  this  same  caudex,  where 
they  interlace  and  enfold  themselves  with  the  fibres  of  the 
cerebrum,  which  flow  towards  them,  namely,  with  its  higher 
or  upper  fibres  [those  of  the  tegmentum]  near  the  region  of  the 
cori>c>ra  quadrigemina,  or  near  the  isthmus;  with  its  lower 
fibres  [those  of  the  crusta]  in  the  pons  Varolii,  and  with  the 
rest  which  tend  towanis  the  spinal  marrow,  through  the  fibres 
of  the  re^tiform  process,  not  far  from  the  foramen  magnum  of 
the  occipital  bone,  or  near  the  common  cauda  of  the  medulla 
oblongata.  To  these  fibres  are  added  those  which  are  indigenous 
to,  and  native  of,  this  medullary  soil  itself;  for  a  copious  grey 
substance  is  imbedJod  in  it:?  striated  beginnings  [in  the  corpora 
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striatA  and  optic  thalami],  as  well  as  in  the  remaiuiug  caudex, 
where,  however,  it  is  less  copious.  Wherever,  indeed,  there  is 
any  cortical  or  grey  substance,  there  also  are  fibres ;  for  these 
substances  are  the  origins  and  beginnings  of  the  fibres ;  where- 
fore these  latter  fibres  must  be  attributed  to  the  medulla 
oblongata.  The  fibrous  medulla  oblongata  arises  from  the 
coalescence  of  this  threefold  progeny,  and  thus  constitutes  a 
common  forum  and  halting-place  of  fibres  of  a  threefold  origin. 

6fJ0.  The  living  fountains,  and  the  exciting  causes  of  the 
motions  of  this  body,  are,  however,  only  the  cerebrum  and  the 
cerebellum ;  for  they  signalize,  and  watch  over,  its  motions. 
The  medulla  oblongata  does  not  start  anything  of  its  own 
accord,  but  is  compelled  to  act  with  the  two  brains,  that  is,  it 
suffers  itself  to  be  acted  upon  by  the  good  pleasure  of  the  two 
brains.  Such  an  attachment  to,  and  intertwining  of,  the  fibres 
of  the  cerebrum  with  the  fibres  of  this  medulla,  is  very  con- 
spicuous in  the  tract  bordering  on  the  central  ganglia — ^.^,  the 
corpora  striata  and  the  optic  thalami ;  for  when  the  cortical 
cerebrum  expands  itself,  its  medullary  fibre  is  lengthened  out> 
and  at  the  same  time  closely  compressed ;  an  opportunity  is 
thus  given  to  the  cortex  of  the  medulla  oblongata  [iu  its  striated 
beginnings]  of  expanding  itself  in  a  similar  manner,  and  of 
elongating  its  fibres,  and  vice  ivrso.  Without  mentioning 
other  modes  of  an  ingenious  nature  for  exciting  the  fibres  of 
this  organ  to  an  action  harmonizing  with  that  of  the  fibres  of 
the  cerebrum  and  cerebellum ;  which  modes  are  innumerable  as 
well  as  inscrutable,  for  nature,  when  at  work  in  its  least  things 
and  in  its  centres,  surpasses  and  transcends  immeasurably  the 
sciences  and  arts  hacehed  out  by  human  ingenuity,  and  also 
every  intellect  even  of  the  most  penetrating  quality,  bordering, 
according  to  the  common  acceptation,  on  the  divine;  mean- 
while, from  things  seen  and  explored,  it  follows  that  the  medulla 
oblongata  is  unablo  fmm  itself  to  signalize  and  watch  over  any 
motion  of  the  body,  unless  it  be  first  excited  by  either  of  tho 
two  brains. 

01^1.  The  medulla  oblongata  also  has  the  power  of  unfolding 
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;,And  expanding  itself»  for  ita  striated  beginnings — the  central 
knglia — as  far  as  their  backs  are  concerned,  are  exposed  iu 
the  lateral  ventricles,  and  they  enclose  also  the  third  ventricle ; 
they  are  besides  engirded  with  a  soft  medullary  border  in  a 
net-like  form,  [i.e.,  the  taenia  semicircularis  and  the  atria 
pinealis].  The  pons  Varolii  is  free  and  unobstructed  as  to  iu 
ventral  surface,  with  which  it  looks  towards  the  dura  mater 
and  the  base  of  the  cranium ;  such  also  is  the  case  with  the 
corpora  pyramidalia  aud  olivaria  which  are  further  down.  On 
the  opposite  side,  however,  is  the  isthmus  with  its  cavity  [the 
aqueduct  of  Sylvius],  the  fourth  ventricle  and  the  calamus 
acriptorius,  which,  by  their  synchronous  expansions  and  elon- 
gations, accommodate  themselves  thoroughly  to  the  modes  in 
which  the  [whole]  medulla  oblongata  unfolds  itself.  It  follows 
hence  that  the  medulla  oblongata  has  not  only  its  periods  of 
expansion  and  constriction,  but  that  these  motions  also  act 
synchronously  with  those  of  the  two  brains. 

692.  The  tibres  proper  to  the  medulla  oblongata  are,  there- 
fore, a  kind  of  auxiliary  forces  to  tho  cerebrum  and  cerebellum, 
and  whenever  these  organs  decree  any  motion  in  the  body,  or 
receive  any  sensations  from  the  body,  the  former  fibres  lend 
their  assistance.  By  this  means,  indeed,  there  is  an  increase  iu 
the  brain-forces  along  their  course  to  any  degree  desired,  whence 
there  arises  a  certainty  in  the  efifoct.  This  also  is  the  reason 
why  the  corpora  striata  in  pups  and  recently-boni  individuals, 
which  are  still  destitute  of  tho  determination  of  motion  and  the 
reception  of  sensations,  are  tender  and  infirm,  and  the  very 
strise  appear  scarcely  developed  in  them. 

693.  The  medulla  oblongata  is  the  medium,  uniting  the 
determinationa  of  the  cerebrum  with  those  of  the  cerebellum, 
for  whatever  unites  the  fibres  is  also  a  medium  for  uniting 
determinations,  since  all  thiugs  in  particular  are  determined  by 
fibres  and  by  tho  spirit  of  the  fibrea  The  cerebrum  acts  from 
the  will;  tho  cerebellum,  however,  from  nature;  two  leaders, 
who  are  rarely  unanimous,  are  consequently  placed  over  one 
kingdom.     Apart   from    the   medulla  oblongata  which   unites 
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the  fibres,  and,  consequently,  the  actions  of  both  brains,  and 
moderates  them  equably,  this  could  never  be  accomplished,  for 
perpetual  discords  would  gradually  arise,  and  the  kingdom 
would  be  distracted  even  to  death.  How  much  the  government 
is  divided  and  mixed  appears  manifestly  from  the  body,  for 
while  some  parts,  viscera  and  provinces  in  the  body,  are  under 
the  sole  jurisdiction  of  the  cerebellum,  as  arteries,  veins, 
the  heart,  stomach,  the  small  intestines,  the  liver,  pancreas, 
spleen,  the  glands,  etc.,  there  are  others  which  are  subject  to 
the  rule  of  the  will,  as  the  muscles  of  the  joints  and  articula- 
tions, and  those  which  line  the  whole  surface  of  the  body,  and 
there  are  still  others  which  obey  at  the  same  time  the  rule  of 
both  nervous  centres,  as  the  lungs,  the  resophagus,  windpipe. 
The  fibre  of  nature,  however,  or  that  of  the  cerebellum,  must  be 
jiresent  with,  and  at  the  bottom  of,  each  single  part,  lest  the 
will,  which  is  a  determination  flowing  from  principles  acquired 
from  the  ultimate  world  and  the  body,  should  be  in  conflict 
with  nature,  which  is  a  determination  flowing  from  principles 
derived  from  the  inmost  and  first  sources  of  law,  and  lost  the 
will  should  thus  deprive  the  soul  of  its  sceptre,  and  cast  it 
down  from  its  throne.  Chiefly  on  this  ground  there  are 
adjoined  to  the  two  brains,  the  medulla  oblongata  and  the  spinal 
marrow,  and  in  them  the  fibres  are  co-ordinated  so  as  to  regu- 
late the  supply  of  the  administration  of  each  nervous  centre, 
and  to  provide  for  the  necessity  of  life,  and  for  those  ends  which 
conspire  to  the  general  good  of  the  whole.  Every  individual 
nerve,  therefore,  is  bom  from  this  medulla,  and  not  a  single  one 
is  generated  immediately  from  the  cerebnim  or  cerebellum, 
namely  so,  that  the  cerebrum,  as  well  as  the  cerebellum,  shall 
introduce  their  fibres,  either  into  the  nerves  themselves  by 
which  the  whole  body  is  ruled,  or  into  their  roots,  the  object 
being  that  thus  there  may  be  effected,  in  the  first  threshold, 
what  afterwards,  by  infinite  anastomoses,  is  perfected,  and  over 
and  over  again  wrought  in  the  body  itself. 

C94,  The  fibres  of  the  cerebrum  and  cerebellum  mtiat  also  be 
associated  together  in  a  becoming  manner  in  the  i-audex  of  the 
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medulla  oblongata,  [i.t.t  in  the  medulla  oblongata  proper],  and 
the  peculiar  fibres  of  the  medulla  oblongata  must  be  attracted 
into  their  bond  of  union,  lest  any  portion  of  the  kiu^'doni,  that 
w,  any  part  of  the  body,  should  be  in  want  of  ita  spirit,  juice, 
and  life.  The  cerebrum,  by  its  own  fibres  and  the  associate 
ones  of  the  medulla  oblongata,  sprinkles  out  this  spirit  at  one 
time  iu  a  scanty,  and  at  another  time  in  a  more  profuse  manner, 
altogether  as  its  aniintcs  or  natural  mind  is  either  exalted  or 
cast  down.  The  cerebellum,  therefore,  by  constantly  and  per- 
petually contributing  its  spirit*  must  labour  and  strive,  so  as,  ou 
the  one  hand,  to  prevent  losses,  and,  ou  the  other,  to  restore  losses. 
Thus  the  cerebrum,  through  sleep,  is  deprived,  at  alternate 
periods,  of  its  government ;  that  is,  of  motion  and  sensation,  and 
thereby  of  those  causes  whereby  the  natural  mind  is  excited. 

695.  Apart  from  the  medulla  oblongata,  as  the  general  coU 
loctor  and  determiner  of  the  fibres,  the  sensations  also  could  not 
be  Conveyed  distinctly,  cither  to  the  cerebrum  or  the  cerebellum, 
namely,  five  kinds  of  sensations  with  their  various  modes  to  the 
cerebrum,  and  purer  and  inmost  sensations  to  the  cerebellum- 
For  all  sensations  are  carried  to  the  antecedents  of  the  fibres^ 
and  all  determinations  of  motion  to  the  parts  succeeding  the 
fibres.  Sensation,  in  accordance  with  the  character  of  its  fibre, 
is  communicated  to  every  contiguous  fibre,  and,  like  the  rays  of 
the  sun,  it  Bashes  into  the  optic  thalami  and  the  corpora  striata, 
which  are  the  beginnings  of  the  medulla  oblongata;  and  thence 
from  every  point  touched,  as  from  a  centre,  it  hastciifi  to  the 
whole  cortical  envelope  of  the  cerebrum.  The  sensations  are 
intensified  on  the  way,  while  they  are  being  carried  along ;  for 
the  medulla  increases  in  size  towards  the  corpora  striata  and 
the  optic  thalami,  and  by  degrees  becomes  more  striated,  and 
more  luxuriantly  supplied  with  grey  substance.  The  whole 
fibre  of  the  cerebrum,  which  receives  sensation,  and  diffuses  it 
over  its  whole  cortical  substance,  flows  around  these  central 
ganglia.  The  very  medulla  of  the  cerebrum  also  consists  o(  a 
fwrpetual  reticular  tissue  with  infinite  anastomoses,  so  that  all 
fibres,  as  it  were,  are  there  brought  into  contiguity  with  each 
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other.  In  this  wise  the  medulla  oblongata  is  a  most  fit  vehicle 
for  the  conveyance  of  the  modes  of  the  senses.  The  fibrous 
course  towards  the  cerebellum,  however,  is  not  laid  out  according 
to  this  plan.  There  is  no  such  contiguity  among  the  cerebellar 
fibres ;  their  medullary  trunk  does  not  increase  in  size,  nor  does 
its  grey  substance  become  more  copious ;  for  the  peduncles  of 
the  cerebellum  are  purely  medullary,  while  the  peduncles  of 
the  cerebrum,  on  the  other  hand,  that  is,  the  central  ganglia 
and  the  crura  of  the  cerebrum,  are  most  abundantly  interlarded 
with  grey  substance.  Besides,  the  cerebellum  is  not  organized 
fur  the  reception  of  such  modes,  that  is,  it  is  unable  to  turn  its 
attention  to  modes  of  this  kind,  to  apply  itself  to  their  recep- 
tion by  turning  its  hinges,  as  it  were,  in  a  suitable  manner,  to 
vary  its  own  forms,  and  change  its  states ;  differently  from  what 
is  the  case  with  the  cerebellula  of  the  cerebrum,  which  may  be 
thus  applied,  and  which,  from  infancy  by  culture,  have  been 
thus  applied  and  disposed.  Apart  from  the  medulla  oblongata, 
therefore,  it  is  impossible  for  motion  to  be  determined  in  a 
becoming  manner,  and  for  sensation  to  be  distinctly  received. 


h 


CHAPTER    XXVI. 

THE  VALVE  OF    VIKUSSENS :  THE  FOURTH    VENTRICLE,   AND 
ITS  CHOROID  PLEXUS. 

696.  Inafiiiiuch  as  the  valve  of  Yieusscas  closes  the  anterior 
part  of  the  fourth  ventricle,  and  the  choroid  plexus  lines  both 
of  its  lateral  borders,  therefore  these  porta  cannot  be  separated, 
and  each  be  treated  ningly.  It  was  thought  also  that  the  fouith 
ventricle  should  be  discussed  before  the  pons  Varolii,  because  it 
13  situated  immediately  under  the  cerebellum,  and  because  the 
first  process  of  the  cerebellum  towards  the  corpora  quadrigeraina 
environs  it  like  a  girdle. 
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697.  VlEl-«SEN8.>— "  When  the  cerebellum,  denuded  of  its 
dura  mater,  is  reclined  backwards,  a  membrane  of  an  ashy  grey 
colour  is  discovered,  which  is  somewhat  thick  and  soft.  This 
membrane  is  a  production  of  the  pia  mater,  and  is  interwoven 
with  a  glandular  substance,  not  unlike  the  cortex  of  the  cere- 
brum. A  transverse  medullary  tract  enters  in  front  into  this 
membrane,  which  adheres  and  is  united  to  the  anterior  vermiform 
process,  and  to  the  peduncles  which  reach  from  the  cerebellum 
to  the  corpora  quadrigcmina,  and  to  the  posterior  part  of  the 
pons  Varolii.  From  all  this  it  appears  that  this  membmnc 
lines  the  anterior  part  of  the  cavity  of  the  fourth  ventricle,  and 
closes  up  the  posterior  part  of  the  aqueduct  of  Sylvius;  where- 
fore we  maintain  that  it  performs  the  function  of  a  valve.  On 
taking  into  consideration  its  office,  and  its  great  importance^  we 

'  "N«arogrttphi*,"etc.,  Cftp.  XU.,  XVU. 
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call  it '  valvula  cerebri  major/  so  as  to  distinguish  it  from  the 
membranous  ligaments,  which,  within  the  cavities  of  the  longi- 
tudinal and  lateral  sinuses,  serve  as  smaller  valvules,  and  perform 
their  functions  (p.  7C).  ...  It  is  to  be  noted  that  the  aqueous 
juices,  which  are  emitted  from  the  pineal  gland,  and  the  little 
glands  inserted  in  the  choroid  pleiuses,  are  not  able  to  pene- 
trate  through  the  aqueduct  of  Sylvius  to  the  calamus  scriptorius, 
because  the  '  valvula  major  cerebri '  totally  prevents  such  a 
course  This  is  proved  by  the  following  experiment : — I  suppose 
the  convex  part  of  the  cerebnim  to  be  removed  and  its  lateral 
ventricles  opened ;  if  then  the  third  ventricle  and  the  aqueduct 
of  Sylvius  are  filled  with  water,  and  the  same  water  is  after- 
wards drawn  out  by  a  litttle  sponge ;  and  if  afterwards  the  cere- 
bellum is  dissected  throiigh  its  middle  from  the  front  backwards, 
and  opened  out  sidewards,  the  cavity  of  the  calamus  scriptorius 
is  laid  bare,  where  not  even  the  least  drop  of  water  is  found. 
Hence  we  maintain  that  admittance  into  the  fourth  ventricle 
is  denied  to  those  aqueous  juices  which  are  received  by  the 
aqueduct  of  Sylvius  ;  and  therefore  they  are  compelled  to  direct 
their  course  towards  the  third  ventricle,  and  to  descend  into  its 
narrow  cavity"  (p.  110). 

698.  Ridley.' — "  The  valve  of  Vieussens,  especially  in  human 
beings,  is  a  thick  medullary  membrane,  adhering  anteriorly  to 
the  lower  part  of  the  posterior  process  of  the  corpora  quadri- 
gemina,  a  little  behind  that  transverse  medullary  process, 
whence  the  pathetic  or  fourth  pair  of  nerves  arises.  Laterally 
it  extends  to  the  process  which  ascends  from  the  corpora  qiiadri- 
gemina  to  the  cerebellum,  and  in  its  posterior  expansion  it 
reaches  to  the  anterior  vermiform  process  of  the  cerebellum.  .  .  . 
By  raising  up  with  the  finger  the  anterior  vermiform  process 
of  the  cerebellum,  it  rarely  fails  to  come  into  sight,  but  if  it 
does  not.  it  is  easily  brought  into  sight  by  blowing  into  the 
foramen  under  the  pineal  gland.  Its  use,  according  to  Vieuisens, 
is  to  prevent  any  part  of  the  water,  which  falls  into  the  foramen 
pofiterius  near  the  posterior  corpora  quadrigemina,  from  rumuug 
^  "  AiiAtomy  of  tb«  B»in,"  Cluip.  xuL 
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into  the  fourth  ventricle,  and,  vice  versUf  from  blowing  out  of 
the  fourth  ventricle  into  the  aqueduct,  or,  again,  from  getting 
out  on  either  aide  of  the  medulla  oblongata.  This  last  use  is 
evidently  most  true,  whether  it  be  understood  of  water  collected 
there  pretcmuturally  or  accidentally,  for  I  must  needs  confess 
that  I  could  never  find  any  water  there  any  more  than  I  could 
in  the  third  ventricle,  in  subjects  free  from  those  diseases  inci- 
dent to  that  part.  But  with  respect  to  the  use  of  the  passage 
from  the  cerebellum  to  the  last  or  third  foramen,  I  doubt  the 
truth  of  Vieussens'  statement,  for  many  reasons,  of  which  thia 
is  one ;  the  fact,  namely,  that  the  choroid  plexus,  in  the  fourth 
ventricle,  together  with  its  adjacent  parts,  is  of  the  same  texture 
as  the  other  choroid  plexus  in  and  about  the  lateral  ventricles 
of  the  cerebnim.  renders  it  as  reasonable  to  suppose  that  water 
may  be  collected  there  just  as  in  other  parts  of  the  cerebrum — 
nay.  that  this  is  so,  Vieussens  himself  also  allows  as  a  matter 
of  fact — this  fact,  consequently,  renders  it  as  necessary  for  the 
water  to  have  a  place  of  vent  whenever  it  happens  to  gather 
there,  as  it  is  for  that  water  which  at  any  time  collects  in  the 
other  ventricles.  And,  consequently,  in  the  next  place,  I  do 
not  see  how  this  delicate  membrane  can  at  any  time  intercept 
a  passage  of  so  searching  a  body  aa  water  when  it  is  forced 
against  it;  notwithstanding  the  supposed  declivity  of  this  part, 
which  in  man,  by  reason  of  the  largeness  of  the  subjacent  pro- 
minent pons  Varolii,  is  very  considerable.  For  this  forcing  of  the 
water  against  the  valvula  must  nee<ls  happen  by  pulsation,  when- 
ever we  suppose  that  cavity  filled  with  it  And,  in  the  last  place, 
notwithstanding  all  the  contrivance  the  aforesaid  author  has 
shown  in  having  the  gross  part  of  water  (which,  as  before  noted, 
he  grants  may  be,  nay,  constantly  is  deposited  there  from  the 
glands  of  the  choroid  plexus  situated  here)  conveyed  out  of  this 
ventricle  through  the  extremities  of  veins,  I  am  inclined  to  think 
that,  unless  a  speedier  reductory  passage  were  found  out,  very 
great  mischief  would  frequently  happen  to  the  spinal  marrow 
itself,  and  to  the  nerves  springing  from  it;  seeing  that  the  ex- 
tremity of  the  fourth  ventricle  called  the  calamus  scriplorius  la 
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parted  from  the  spinal  marrow  below  only  by  pia  mater,  which. 
Dotwithatanding  it  is  there  double  (even  as  it  is  quite  down 
the  whole  spine,  lest  perhaps  the  water  should  fall  down  too 
readily  upon  the  ner\'es  arising  from  it),  still  upon  an  occasion 
like  the  present,  may  easily  be  supposed  subject  to  violation, 
not  to  say  anything  of  the  high  improbability  of  any  such 
conveyance  being  accomplished  at  all  by  the  veins,  seeing  that 
in  a  natural  state  they  always  are  continuations  only  of  arteries. 
It  is  true  the  fact  of  the  passage  under  the  corpora  quadrigcmina 
being  so  near  at  hand  may  prevent  the  water  from  lapsing  into 
the  fourth  ventricle,  when  it  finds  its  further  passage  that  way 
obstructed  by  the  interposition  and  resistance  of  the  valve. 
And  for  the  same  reason,  doubtless,  it  was  that  in  Vieussena* 
experiment,  which  he  adduces  in  proof  of  his  opinion,  no  water 
was  found  in  the  fourth  ventricle;  because  upon  its  non-ad- 
mittance by  the  valve,  it  immediately  found  another  passage 
where  it  was  conveyed  some  other  way,  which,  by  reason  of  its 
declivity,  was  effected  much  more  readily"  (pp.  128-132). 

Ths  Fourth  VESTRtcLSy  the  Caiaakts  ScRtPTORius,  etc. 

699.  Bartholix.* — "That  sinus  or  cavity,  which  Galen  calls 
the  ventricle  of  the  cerebellum,  others,  the  fourth  ventricle  of 
the  cerebrum,  when  yet  it  is  not  in  the  cerebrum,  we  shall  call 
the  noble  ventricle  of  the  medulla.  It  is  most  solid,  most  pure 
and  subtle,  but  very  small,  for,  as  Galen  says,  it  possesses  con- 
siderable forces  and  faculties.  Inasmuch  as  behind  a  certain 
even  duct  or  ventricle,  it  becomes  enlarged  at  the  sides,  but 
afterwords  is  sharpened  into  a  point,  by  some  it  is  called  calamus 
scriptorius.  Another  part  of  this  ventricle,  and  indeed  that 
half  of  it  which  formS;  as  it  were,  its  ceiling,  is  constituted  by 
the  cerebellum,  with  which  this  medulla  is  conjoined,  so  that 
the  whole  of  this  cavity  is  situated  between  the  cerebellum 
and  the  medulla  oblongata;  the  greater  part  of  the  cavity, 
however,  is  below  in  the  medulla.  The  use  of  this  ventricle  wo 
"Anatotnc,"  etc..  Lib.  Ul. 
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declare  to  be  to  Herve  as  a  place  for  the  generation  and  elabora- 
tion of  the  animal  spirits.  For  this  ventricle  is  roost  pure  and 
subtle  ;  its  cavity  is  sufficiently  large  for  the  puqxise  ;  from  this 
place^  finally,  the  animal  spirit  may  be  diffused  everywhere 
around  into  all  the  nerves;  when;fore  Herophilus  justly  declared 
this  ventricle  to  be  the  chiefest  '*  (p.  482). 

700.  WiLLia* — "  As  the  cerebnim  within  its  cavity  has  its 
own  choroid  plexus,  which,  in  various  ways,  is  woven  together  of 
arteries  and  veins,  and  most  densely  interspersed  with  glands ; 
so  also  the  cerebellum  has  similar  plexuses  of  vessels,  which  ore 
furnished  with  the  same  kind  of  glands,  but  more  numerous 
and  Larger  than  those  in  the  choroid  plexus  [of  the  cerebrum]. 
After  the  pia  mater  which  covers  the  posterior  part  of  the 
cerebellum  has  been  removed,  this  assemblage  of  plexuses  and 
glands  becomes  easily  visible  ;  for  there,  on  either  side  of  the 
vermiform  process,  they  are  seen  creeping  upwards,  as  it  were, 
in  two  branches.  These  plexuses  on  either  side  receive  an 
arterial  branch  irom  the  vertebral  artery  which  is  situated 
under  the  base  of  the  medulla  oblongata,  as  well  as  venous 
ducts  which  are  sent  forth  from  both  lateral  sinuses.  .  .  .  The 
cerebellum  is  situated  over  the  medulla  oblongata,  to  whose 
sides  it  seems  fastened  as  it  were  by  two  peduncles.  Between 
these  peduncles  on  either  side,  with  the  cerebellum  overhead, 
and  the  stern  of  the  medulla  oblongata  underneath,  for  all  these 
parts  require  to  be  separated  from  each  other,  there  is  a  cavity 
which  is  commonly  called  the  fourth  ventricle  (pp.  22.  23).  .  .  . 
Since  indeed  it  is  very  manifest  that  the  animal  spirits  are 
generated  witliin  the  cortical  gyres  or  strata  of  the  cerebellum, 
it  does  not  seem  worth  while  to  place  their  laboratory  in  the 
ventricle  which  is  underneath  that  organ.  For  that  cavity  is 
80  large  an  empty  space,  because  it  is  situated  between  the  two 
peduncles  of  the  cerebellum  and  the  medullary  caudex  under- 
neath on  the  one  hand,  and  the  gland  of  the  cerebellum  over- 
head on  the  other.  A  certain  use,  however,  grows  out  of  the 
existence  of  this  ventricle,  namely,  that  a  serous  humour,  ooz- 
»  ••  Cerebri  Anatome,"  Cap.  III.,  XVIU. 
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ing  out  Irom  the  glands  and  plexuses  of  blood-vessels,  rendered 
more  liquid  by  that  which  descends  from  the  substance  of  the 
cerebellum,  trickles  into  this  cistern.  Prevented  by  a  mem- 
brane from  flowing  into  the  origins  of  the  nerves,  this  liquid  is 
forced  from  the  ventricle  into  a  foramen  of  the  aqueduct  of 
Sylvius  under  the  corpora  quadrigemina.  Thence  it  is  received 
by  the  declivitous  opening  of  the  infundibulum,  and  despatched 
abroad  "(p.  120). 

701.  VIEUSSEN&' — "If  the  whole  cerebellum  is  dissected 
through  the  vermiform  processes,  as  through  twin  poles,  the 
white  substance  in  this  middle  region  is  seen  divided  into 
several  tracts.  These  tracts  extend  in  every  direction  like  tbe 
branches  of  a  tree,  and  are  imbedded  in  the  cortical  substance 
which  is  diffused  in  every  direction.  At  the  same  time  also 
the  process,  which  reaches  from  the  cerebellum  towards  the 
corpora  quadrigemina,  and  likewise  that  other  process,  which  is 
continued  from  the  cerebellum  towards  the  spinal  marrow, 
together  with  the  cavity  of  the  fourth  ventricle,  come  into  sight 
Besides  the  '  valvula  cerebri  major/  there  is  discovered  in  the 
posterior  space  of  this  cavity  a  choroid  plexus.  Willis  maintains 
that  this  choroid  plexus  differs  from  those  situated  on  the 
thalami  optici  in  this  respect,  that  the  glands,  with  which  it  is 
funiiahed.  appear  more  numerous  and  larger.  We  confess, 
however,  that  iu  the  human  brain  we  never  found  this  distinc- 
tion substantiated.  Afler  the  *  valvula  cerebri  major'  and  the 
choroid  plexus  have  been  removed  from  the  cavity  of  the  fourth 
ventricle,  two  medullary  tracts  become  visible  with  the  help  of 
the  microscope,  and  in  recently-dissected  heads  also  without 
the  help  of  the  microscope.  With  these  tracts  there  coalesce 
OD  either  side  certain  white  fibrils  [the  auditory  stride  ?]  running 
in  a  transverse  direction,  which  emerge  from  the  medulla 
oblongata,  and  which*  near  their  origins,  are  distinct  from  each 
other,  although  in  Plates  ix.  and  x.  they  are  represented  aff 
united,  and  preseut  the  form  of  one  transverse  medullary  trod 
The  two  medullary  tracts,  mentioned  above,  on  either  side 
1  "  Neurograpliia,"  tte.,  Cap.  XII. 
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over  the  processes  nmning  fTX)m  the  cerebellum  towards  the 
spinal  marrow,  and  adhere  to  them,  and  afterwards  terminate 
imrtly  iu  tiie  softer,  and  partly  in  the  harder  branch  of  the 
seventh  pair  of  nerves  [according  to  Willis].  Towards  the  end 
of  the  fourth  ventricle  there  are  noticed  besides  generally  three, 
and  sometimes  four  or  five,  medullary  fibres  which  are  derived 
from  the  processes  of  the  cerebellum  towards  the  spinal  marrow; 
these,  by  coalescing  on  both  sides,  form  a  short  white  tract,  the 
lower  part  of  which  is  sometimes  divided  into  three,  and  some- 
times into  four  fibrils,  which  pass  off  into  the  nerves  of  the 
eighth  pair  [according  to  Willis].  Their  upper  part,  however, 
after  giving  off  certain  fibrils  to  the  softer  portion  of  the  seventh 
nerve,  is  divided  into  two  small  trunks  or  branches,  the  upper 
one  of  which  terminates  in  the  harder  portion  of  the  above- 
mentioned  seventh  pair  of  nerves,  and  the  lower  portion  is 
instrumental  iu  forming  the  si;(th  pair  of  nerves  [according  to 
Willis]"(pp.  76.  7S). 

Id  Plates  \\.  and  x.  of  this  author,  the  fourth  ventricle  is 
exhibited  as  drawn  apart,  and  in  it  appear  blood-vessels  running 
out  from  either  extremity  lengthwise,  but  branching  out  side- 
wards, without  touching  one  another.  There  are  likewise  seen 
cords  of  nerves  [i.  i.]  or  at  least  cords  "  that  have  the  appearance 
of  nervous  fibres,  and  which  tend  towards  the  upper  part  of  the 
pons  Varolii;"  further,  "two  medullary  tracts  [k.  k.]  which, 
proceeding  from  the  upper  part  of  the  medulla  oblongata,  ter- 
minate in  the  spinal  marrow;  certain  medullary  fibres  are 
adjoined  to  them  on  both  sides ; "  yet  in  the  Plate  they  are 
represented  as  if  they  entered  the  ventricle  laterally  on  both 
sides.  There  also  appear  other  "  fibrils  [m.  m.]  derived  from  the 
processes  of  the  cerebellum  towards  the  spinal  marrow,  to  which 
there  accede  on  both  sides  sometimes  one,  sometimes  two  thin 
medullary  fibrils,  arising  from  the  upper  portion  of  the  medulla 
oblongata."  In  Plate  xii,  the  fourth  ventricle  is  represented  as 
opened,  together  with  the  valvula  magna  and  the  choroid 
plexus ;  in  Plate  xiiL  it  is  represented  still  more  open. 

1  **  Aoatomy  of  the  Draiu,"  Chap.  xiv. 


336     FOURTH  VENTRICLE  AND  SURROUNDINGS, 

702.  RiDLKY.* — "The  choroid  plexus  in  the  fourth  ventricle 
begins  to  be  glandular  just  under  the  eighth  pair  of  nerves 
[according  to  Willis],  whence  it  runs  up  on  the  side  of  the 
medullary  caudex  to  the  process  from  the  cerebellum  towards 
the  spinal  marrow,  and  from  it  enters  the  fourth  ventricle  which 
by  Aurantius  is  called  the  cistema  spirituum.  This  ventricle, 
in  accordance  with  what  that  author  has  observed  (Atiatom. 
Obs.,  p.  4<S),  I  always  find  broader  than  long,  and  double,  though 
not  divided  by  any  intervening  body,  as  is  the  case  with  the 
two  lateral  ventricles  of  the  cerebrum.  In  this  ventricle  the 
choroid  plexus  does  not  lie  loose,  nor  at  its  bottom,  as  the  plexus 
does  in  the  lateral  ventricles ;  but,  on  the  contrary,  and  which 
to  my  knowledge  has  not  heretofore  been  noticed,  it  adheres 
closely  to  the  top  of  this  ventricle,  that  is,  to  the  bottom  of  the 
overhanging  cerebellum,  and  then  running  transversely  just  at 
the  end  of  the  calamus  scriptorius,  it  becomes  continuous  there  to 
the  plexus  of  the  other  side,  as  has  been  observed  in  the  case  of  the 
choroid  plexus  in  the  lateral  ventricles  of  the  cerebrum.  This 
plexusarisesfrom  a  ramificationof  thesecondor  hindermost branch 
of  the  basilar  artery,  as  does  the  second  part  of  the  plexus  of  the 
cerebrum  mentioned  above,  and  from  another  smaller  branch  of 
the  said  artery,  about  the  place  where  it  ascends  from  the  ver- 
tebrals,  which  last  branch  turns  into  a  reticular  expansion  first, 
and  then  a  little  further  on  meeting  with  the  former,  consti- 
tutes this  plexus  (pp.  133-135).  .  .  .  There  are  two  or  three 
fair  medullary  processes  close  to,  and  sometimes  riding  one 
over  the  other,  a  little  on  this  side  the  fourth  ventricle, 
or  about  the  beginning  of  the  calamus  scriptorius,  by  which 
the  two  processes,  which  descend  from  the  cerebellum  to  the 
medulla  oblongata,  arc  joined  together;  and  there  are  two  more, 
which,  from  that  other  transverse  process  behind  the  cor])ora 
quadrigeinina,  come  down  to  these.  These  loug  medulluj 
processes  I  never  find  wanting,  though  in  different  numbers, 
sometimes  having  seen  two.  and  once  I  could  find  but  one— 
though  larger  than  ordinarily — and  constantly,  in  what  number 
soever,  they  terminate  in  the  transverse  proee&ses  at  the  afore- 
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mentioned  beginning  of  the  fourth  ventricle.  These  long 
descending  processes  are  just  over  against  the  corpora  pyra- 
roidalio,  on  the  other  or  under  side  of  the  medulla  oblongata; 
and  the  transverse  processes,  at  the  beginning  of  the  fourth 
ventricle  last  mentioned,  are  a  little  above  the  origin  of  the 
eighth  pair  of  nerves  [according  to  Willis],  insomuch  that 
without  being  circumspect,  one  may  mistake  them  for  the 
origin  of  that  nerve,  whereas  in  reality  I  find  them  to  be  the 
origin  of  the  soft  or  hiudermost  branch  of  the  seventh  pair" 
(pp.  136-138). 

Id  Figure  vii.  of  this  author  is  represented  the  superficial 
rima  of  this  ventricle  and  of  the  calamus  scriptorius.  ^ith  the 
first  process  of  the  cerebellum,  which  runs  towards  the  corpora 
quadrigcmina,  stretched  out  laterally^  and  with  another  trans- 
verse rima  drawn  laterally  almost  through  the  middle  of  the 
ventricle,  the  origin  of  which  seems  to  be  twofold,  and  its 
communication  in  the  middle  threefold ;  together  with  still 
another,  which,  near  the  sides  of  the  ventricle,  runs  between  the 
two  transverse  processes,  uniting  the  same. 

703.  WiNSLOW.' — "  On  separating  the  two  lateral  lobes  or 
parts  of  the  cerebellum,  after  having  first  made  a  pretty  deep 
incision,  we  discover  first  of  all  the  posterior  portion  of  the 
medulla  oblongata  ;  and  in  the  posterior  surface  of  this  portion, 
from  the  corpora  quadrigemina  all  the  way  to  the  posterior 
fissure  iu  the  Ixniy,  and  a  little  under  it,  we  observe  a  long 
cavity  which  terminates  in  the  rear,  like  the  point  of  a  writing- 
pen.  This  cavity  is  what  is  called  the  fourth  ventricle.  At 
the  beginning  of  this  cavity,  immediately  behind  the  aqueduct 
of  Sylvius,  under  the  corpora  quadrigemina,  we  meet  with  a 
thin  medullary  lamina,  which  is  looked  upon  as  a  valve  between 
that  duct  and  the  fourth  ventricle.  A  little  behind  this  lamina, 
the  cavity  grows  wider  both  towards  the  right  and  the  left,  and 
then  contracts  agaiu  to  its  first  size.  It  is  lined  interiorly  by  a 
thin  membrane,  and  seems  oflen  to  be  distinguished  into  two 
lateral  parts,  by  a  kind  of  small  groove  running  from  the  valve 
'  '^  An*tomical  Expoutioa,*'  etc.,  Sect.  X. 
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of  Vieussens  to  the  point  of  the  calamus  scriptorius.  This 
membrane  is  a  continuation  of  that  which  lines  the  aqueduct  of 
Sylvius,  the  third  ventricle,  infundibulum,  and  the  two  lateral 
ventricles.  In  order  to  see  the  fourth  ventricle  in  its  natural 
state,  in  which  it  is  very  narrow,  it  must  be  laid  open,  while  the 
cerebellum  remains  iu  the  cranium,  and  for  this  purpose  the 
occipital  bone  must  be  sawed  down  very  low.  On  each  side  of 
this  ventricle  is  the  medullary  substance,  which  in  the  form  of 
lamiuoG  expands  itself  through  the  cortical  strata  of  the  cere- 
bellum. These  medullary  laminae  are  discovered  according  to 
their  thickness,  by  cutting  the  cerebellum  in  slices  almost 
parallel  to  the  basis  of  the  cerebrum ;  but  if  the  cerebellum  is 
cut  vertically  from  above  downwards,  the  medullary  substance 
appears  to  be  dispersed  in  ramifications  through  the  cortical 
substance ;  these  ramificationB  have  been  named  the  tree  of 
life ;  and  the  two  trunks,  when  these  different  lamime  arise,  are 
termed  the  peduncles  of  the  cerebellum  (nos.  9(5-99).  .  .  .  The 
small  branches  of  the  medulla  oblongata  are  lateral  productions 
of  the  transverse  protuberance,  which,  by  their  roots,  seem  to 
encompass  that  medullary  portion  in  which  the  fourth  ventricle, 
or  the  ventricle  of  the  calamus  scriptorius,  is  formed.  These 
productions  form,  on  each  side  in  the  lobes  of  the  cerebellum, 
those  medullary  expansions,  a  vertical  section  of  which  shows 
the  white  ramifications  commonly  called  the  tree  of  life;  and 
they  may  justly  enough  be  called  the  peduncles  of  the  cere- 
bellum "(no.  108). 

704.  Euyech.  in  a  certain  figure  [in  his  Epistola  Problematical 
etc.,  xii.,  in  Plate  xiv.,  ^g.  5]  shows  *'  some  protuberances 
uear  the  calamus  scriptorius,  and,  indeed,  in  an  infant,  which," 
as  he  says,  "  can  scarcely  be  called  otherwise  than  the  corpora 
pyramidalia  and  olivaria  of  the  other  side.''  I  am  not  qnite 
certain  whether  they  are  of  the  same  kind  as  those  mentioned 
by  Willis,'  whose  words  are  as  follows: — "Meanwhile,  near  the 
origin  of  the  ninth  pair  of  nerves  which,  in  man,  is  found  to  be 
peculiar,  and  different  from  animals,  the  following  is  to  be 
»  "Cerebri  Anatome,"  C*p.  XVIIL 
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mentioned : — In  man,  below  the  origin  of  the  eighth  pair  of 
nerves,  a  certain  protuberance  is  found  attached  on  either  side 
to  the  sides  of  the  medulla  oblongata.  Four  or  five  distinct 
fibres  proceed  thence ;  one  or  two  of  these  entwine  the  verte- 
bral artery  which  passes  through  hero;  all,  however,  coalesce 
in  the  same  trunk,  which  is  a  nerve  of  the  above-mentioned 
pair.  When  the  pia  mater  is  pulled  off,  this  protuberance  is 
easily  seen,  and  it  seems  to  be  a  peculiar  storehouse  of  the 
spirit,  destined  for  this  nerve"  (pp.  120,  121). 

If  the  reader  chooses  he  may  examine  Helstey^'s  plates  where 
the  fourth  ventricle  is  represented  with  the  arborescent  rami- 
fication in  the  human  brain,  with  still  another  representation  of 
this  ramification  in  the  brain  of  a  calf.  Compare  also  Ridley's 
Plate  vii.,  and  Willis'  Plates  iii.,  vii.  and  viii.  in  his  treatise  on  the 
Human  Brain,  as  well  as  in  his  treatise  on  the  Soul  of  Brutea 


[modern  authors. 
a.  T//£  Valve  of  VrEussENs. 


f704a.  QuAiN.i — "  The  valve  of  Viev^sene  (velum  medullare 
anterius),  stretched  between  the  processus  a  cerebello  ad  cere- 
brum, is  a  thin  layer  of  nervous  matter,  which  lies  over  the 
passage  from  the  third  to  the  fourth  ventricle,  and,  lower  down, 
covers  in  a  part  of  the  fourth  ventricle  itself.  It  is  narrow  in 
fjront  where  it  is  connected  with  the  quadrigeminal  bodies,  and 
broader  behind  where  it  ia  continuous  with  the  median  portion 
of  the  cerebellum. 

"  The  valve  ia  composed  of  white  substance,  superficial  in  its 
upper  portion,  but  concealed  in  its  lower  half  by  a  few  trana- 
verse  ridges  of  grey  matter  which  appear  as  if  prolonged  from 
the  grey  laminoi  of  the  cerebellum  with  which  the  valve  is 
there  continuous.  Within  it  is  some  grey  substance  which 
constitutes  the  nttcfeiw  of  ike  roof  of  thsfoxurih  ventricle  of 
Stilling,  and  is  supposed  to  connect  the  two  dentate  nuclei, 
>  "  EUmonti  vf  Anmiomy,"    Eioara  Euitiom.     Loudoo,  1876. 
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"  From  between  the  posterior  quadrigcminal  tiibercles  a 
slight  median  ridge,  named  frccnulnvi,  descenda  a  little  way 
upon  the  valve,  and  on  the  aides  of  this,  the  commencing  fibres 
of  the  fourth  pair  of  nerves  pass  transversely  outwards,  The 
back  part  of  the  valve  is  overlapped  and  concealed  by  the 
superior  venniform  process  of  the  cerebellum  "  (ii.,  p.  552). 

The  following  description  of  the  valve  of  Vieusttenn  is  con- 
tained in  the  Nixth  Edition  of  Quaiu's  "  Elements  of 
Anatomy:" — "The  triangular  interval  between  the  two  crura — 
the  superior  peduncles  of  the  cerebellum — is  bridged  over  by  a 
lamina  of  white  matter  marked  across  with  grey  streaks.  This 
is  the  superior  (anterior)  viedidlary  velum  or  valve  of  Vieusaens, 
and  with  the  crura  forms  the  posterior  boundary  of  the  upper 
part  of  the  fourth  veotricle.  The  white  substance  of  which  it 
is  mainly  composed  is  marked  superficially  by  three  or  four  flat 
transverse  grey  larainro,  with  intervening  sulci,  which  together 
constitute  the  so-called  lingxda.  This  is  continued  laterally 
and  posteriorly  into  the  grey  cortex  of  the  cerebellum,  while 
the  subjacent  white  substance  of  the  velum  is  in  direct  continuity 
with  the  central  white  matter  of  the  cerebellum,  into  which  a 
pointed  teut-shaped  projection  of  the  roof  of  the  ventricle 
extends.  This  projection  is  bounded  below  by  the  inferior 
(posterior)  vudvllary  velv/m^  which  in  like  manner  is  prolonged 
from  the  white  substance  of  the  central  part  of  the  cerebellum. 
It  is  less  easily  displayed  than  the  superior  velum,  being 
concealed  by  a  part  of  the  cerebellum,  which  is  attached  to  its 
under  or  posterior  sur£Etce  '*  (iL,  p.  304,  et  eeq,). 

7046.  Meyneut.i — "The  valve  of  Vievsaena  is  enclosed 
between  the  processus  cerebelli  ad  cerebrum  at  that  part  of 
their  course  which  lies  between  the  corpora  quadrigemina  and 
the  cerebellum,  and  together  with  these  processus  it  forma,  to 
use  Burdach's  expression,  the  connective  9)jfttf^i  of  the  cere- 
bellum. This  valve  of  Vieussens,  the  prolongation  of  the 
fnenulum  veli  medullaris,  as  has  been  shown  by  Arnold,  is  tho 
part  that  really  dcaerves  the  designatiou  of  procossus  ceriTbdli 

»  ■'0^cltot." 
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ad  corpus  quadrigominum,  which  has  beeu  wrongly  applied  to 
the  processus  cerebelli  ad  cerebrum. 

"  In  the  velum  medullaro,  three  different  systems  of  medullary 
fibres  lie  woven  together:  (I)  the  great  mass  of  its  substance  is 
composed  of  the  fasciculi  of  the  fnenulum ;  (2)  at  its  anterior 
extremity  the  decussating  fasciculi  of  the  nervus  trochlearis, 
which  are  of  great  thickness,  intertwine  themselves  transversely 
among  those  of  the  fraenulum  ;  (3)  the  velum  meduUare  further 
contains  longitudinal  fibres  from  the  superior  vermiform  process 
of  the  cerebellum.  These  fibres  decussate  before  quitting  the 
borders  of  this  latter  organ,  and  after  traversing  the  valve  of 
Vieussens  almost  to  the  lower  border  of  the  corpus  quadri- 
geminum  they  turn  on  themselves,  and,  describing  curves  which 
with  their  convexity  look  upwards,  they  join  the  inferior  lamina 
of  the  lemniscus  at  its  hindermost  fasciculus,  and  pass  onward 
with  the  latter,  in  the  posterior  division  of  the  pons  Varolii,  to 
the  spinal  cord  "(p.  713). 


b.  The  Fourth  Vkhttricls* 


704c.  QuAlN.* — "  The  space  left  between  the  medulla  oblon- 
gata in  front,  and  the  cerebellum  behind,  is  named  the  fourth 
ventricle,  or  ventricle  of  the  cerebelluvi.  The  cavity  of  the 
ventricle  is  of  a  flat  rhomboidal  shape,  being  contracted  above 
and  below,  and  widest  across  its  middle  part.  It  is  bounded 
laterally  by  the  superior  peduncles,  and  by  the  line  of  union  of 
the  medulla  oblongata  and  the  cerebellum.  Behind,  it  is 
covered  in  above  by  the  valve  of  Vieussens,  which  extends 
across  between  the  superior  peduncles  of  the  cerebellum,  and 
below  by  part  of  the  inferior  vermiform  process  of  the  cere- 
bellum which  projects  into  it.  The  upper  end  of  the  ventricle 
ijs  continuous  with  the  Sylvian  aqueduct  or  passage  (iter) 
leading  up  to  the  third  ventricle  "  (p.  612). 

704*^?.'— '*  The  fourth  vkntbicle  is  the  space  into  which 


'  Quaiii*8  **  Elemeute  of  Aoatomy.' 
'  Do.  do. 


EiooTH  Edition.     London,  1876. 
Niimi  Edition.     London,  IQSi. 
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the  central  canal  of  the  cord,  after  becoming  somewhat  enlarged 
and  clefl-like,  opens  out  on  the  posterior  or  dorsal  aspect  of 
the  medulla.     The  opening-out   seems  as  if  effected   by  the 
divergence  of  the  funiculi  graciles  on  either  side  at  an  acute 
angle,  but  the  lateral  boundaries  of  the  ventricle  curve  round 
with  their  convexity  towards  the  ventricle,  and  the  latter  rapidly 
broadens,  so  that  opposite  the  middle  peduncle  of  the  cerebellum 
it  has  attained  its  greatest  width.     From  this  point  its  upper 
part  again  narrows,  converging  gradually  above  to  be  continued 
into  the  comparatively  narrow  Sylvian  aqueduct.     The  ventricle 
is  therefore  irregularly  lozenge  or  diamond-shaped,  and  is  some- 
times named  /ossa  rhomhoidulia.     The  pointed  lower  end  of 
the  ventricle  has  the  shape  of  a  writing  pen,  and  is  termed  the 
oala7nU8  Bcriptoriv^,     At  its  widest  part  the  fourth  ventricle  ia 
continued  for  a  short  distance  on  either  side  between  the  cere- 
bellum and  medulla,  where  these  come  in  contact  in  the  form 
of  the  pointed  lateral  recess.     The  lateral  boundaries  of  the 
ventricle,  in  its  lower  or  medullary  part,  are  the  clavae  of  the 
funiculi  graciles,  the  funiculi  cuneati,  and  the  restiform  bodies. 
The  roof  of  the  posterior  wall  is  formed  by  a  simple  layer  of 
fattened  epithelium  covered  by  pia  mater;  but  it  is  not  quite 
complete,  for   there   is   a  hole   in  it  termed  the  foramen  of 
Magevdie,  a   little  above  the   place  where   the   central  canal 
opens  out  into  the  ventricle,  and  there  are  two  other  apertures 
in  the  epithelial  roof  in  the  lateral  recesses  just  mentioned. 
At  the  sides  and  below,  this  layer  of  epithelium  passes  into  con- 
tinuity with  the  epithelium  covering  the  floor,  but  it  is  somewhat 
thickened  by  the  addition  of  white  nervous  matter  before  reach- 
ing the  lateral  boundaries  of  the  floor.     This  thickening  is  lefl 
DB  a  slightly  prominent  and  often  ragged  membrane,  when  the 
epithelium  of  the  roof  of  the  ventricle  is  torn  off  with  the  pia 
mater.     It  commences  at  the  apex  of  the  clava,  and  accompanies 
the  lateral  boundary  for  a  short  distance  ;  then  turns  over  tho 
surface  of  the  restiform  body  and  terminates  close  to  tho  place 
from  whence   the   roots  of  tho   vagus  and  glosso-pharyngeal 
nerves  issue.    It  is  termed  the  twnia  or  liguta,  and  its  upper 
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ransverae  part  forms  the  lower  boundary  of  the  lateral  recess 
of  the  ventricle.  Another  thickening  in  the  epithelial  membrane 
is  sometimes  seen  at  the  apex  of  the  ventricle  roofing  over  the 
point  of  the  calamus  scriptorius :  this  ift  named  the  ohex^ 

"  Two  longitudinal  vascular  inflections  of  the  pia  mater,  known 
as  the  choroid  plexuses  of  the  fourth  ventricle,  project  from  the 
roof  into  the  cavity  on  either  side  of  the  middle  line,  covered 
everywhere,  however,  by  the  epithelium  of  the  roof.  Offsets 
from  these  pass  also  into  the  lateral  recesses,  from  the  apices  of 
which  they  emerge,  encircled  by  a  duplicature  of  the  ligula, 
which  was  termed  by  Boohdaiek  the  co-mu-copia.  The  epi- 
thelial layer  of  the  roof  of  the  ventricle  follows  all  the  convolu- 
tions of  the  choroid  plexuses,  but  is  nowhere  pierced  by  them; 
it  is  generally  described  as  the  epithelium  of  the  plexuses. 

"  The  part  of  the  floor  of  the  fourth  ventricle,  which  belongs 
to  the  description  of  the  medulla  oblongata,  is  marked  off 
superiorly  by  some  transverse  white  lines  which  cross  the  grey 
matter  of  the  floor,  and  are  known  as  the  stria:  inedvllares  sen 
acusticcB.  These  arise  close  to  the  median  line,  and  curve 
outwards  over  the  restiform  bodies  to  join  the  roots  of  the 
auditory  nerve.  They  sometimes  form  a  tolerably  compact 
bundle ;  sometimes  are  more  separate  from  one  another,  and 
occasionally  are  not  to  be  made  out  on  the  sur^e,  probably  in 
these  cases  having  a  deeper  course. 

"  This  lower  and  smaller  part  of  the  floor  of  the  ventricle  is 
bisected  by  a  slight  median  groove.  A  little  on  either  side  of 
this  groove,  and  immediately  below  the  strife  meduUares,  is  a 
small  triangular  depression — infeAor  fovea — the  apex  of  which 
extends  only  as  far  as  the  8tria3,  but  the  base  is  prolonged  into 
two  grooves,  extending  one  from  each  angle.  The  inner  of  the 
two  grooves  passes  with  a  slightly  curved  course  towards  the 
point  of  the  calamus  scriptohus,  and  thus  cuts  off  a  pointed 
triangular  area  which  is  bounded  mcsially  by  the  median 
sulcus,  and  the  base  of  which  is  turned  towards  the  strise 
acusticee.  This  area  is  slightly  prominent,  and  constitutes  the 
lower  end  of  what  will  presently  be  described  as  the  faaoicviXus 
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Urea ;  m  it  is  the  prolongation  of  the  tract  of  nerve-cells  from 
which  the  roots  of  the  hypoglossal  nerve  take  origin.*  The 
groove,  which  is  prolonged  from  the  outer  angle  of  the  fovea, 
passes  downward  with  a  slight  outward  obliquity  nearly  to  the 
lateral  boundary  of  the  ventricle,  and  marks  off  externally 
another  triangular  area,  the  base  of  which  is  also  directed 
upwards,  where  it  can  be  traced  into  a  prominence*  (best  marked 
in  children)  over  which  the  stria;  acustic«  course.  To  this 
prominence  Schwalbe  has  given  the  name  tuhercuLurfi  acu^i* 
dvm,  since  the  main  part  of  the  auditory  nerve  arises  in  con- 
nection with  it,  and  with  the  triangular  lateral  area  behind. 

"  Included  between  the  two  grooves  is  a  third  triangular 
area,  the  apex  of  which  is  at  the  inferior  fovea,  while  its  base 
looks  downwards  and  outwards.  This  area  has  a  distinctly 
darker  colour  than  the  rest  of  the  floor  of  the  ventricle,  and 
especially  than  the  funiculi  teretes  on  the  inner  side,  which 
have  a  whitish-grey  appearance,  and  it  has  accordingly  been 
named  the  ala  cinerea.  Towards  the  apex  it  is  somewhat 
depressed,  but  below  it  is  elevated  into  a  distinct  prominence 
— ala  cincrea.  It  contains  the  nucleus  of  the  vagus,  and 
superiorly,  near  the  fovea,  of  the  glosso-pharyngeal  nerve " 
(pp.  290,  291). 

"  The  floor  or  anterior  boundary  of  the  upper  portion  of  the 
fourth  ventricle,  close  to  which  the  above  nuclei  [those  of  the 
cranial  pairs  of  nerves,  from  the  fifth  to  the  seventh,  hard  and 
soft  portions,]  are  for  the  most  part  situated,  is  marked  in  the 


^  Tbis  deflcription  of  the/tueiculua  ttre»,  as  given  on  p.  203,  u  a«  follows : — 
"When  the  slit-like  upper  end  of  the  central  canal  opens  out  into  the  fourth 
ventricle,  the  wiiull  rumaiuing  portion  of  the  base  of  the  anterior  coma  (of 
the  spinal  cord]  cmries  to  the  surfaoe  of  the  door  of  the  vcotriclc.  aud,  aa  th« 
sevlioufl  arc  traced  forward,  increases  gradually  io  size,  producing  the  euiiii«oc« 
of  ihc/uniruiuA  urtA,  In  it,  both  in  the  lower  part  of  the  medulla  where  the 
eanal  is  still  closed,  and  above  where  it  has  opeucd  out.  a  group  of  Urge 
nervc-ocUs  is  seen  in  the  transverse  sections,  representing  a  longitudmal 
vesicular  column.  From  this  column  of  cells  the  successive  buudtes  of  the 
roots  of  the  hypuglossal  nerve  arise  and  pasa  obliquely  through  the  substance 
of  the  medulla.  .  .  .  The  tract  of  nerve-cells  is  accordingly  known  as  tiie 
hyp(yjto69ai  nucicm,"    Compare  above  no.  OSSA.— £ditok. 
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midtlle  of  each  lateral  half  by  a  distinct,  somewhat  angular 
depression,  in  a  line  with  the  inferior  fovea,  from  which  it  is 
separated  by  the  eminence  over  which  the  striae  acustiae  pass. 
This  depression  is  termed  the  superior  ftjrvea.  Between  it  and 
the  median  sulcus  is  the  prolongation  of  the  fasciculus  or 
eminentia  teres,  which  is  prominent  opposite  the  fovea,  but 
becomes  gradually  less  so  above  and  below.  Extending  from 
the  anterior  fovea  to  the  upper  end  of  the  ventricle,  where  this 
narrows  to  the  Sylvian  aqueduct,  is  a  shallow  depression 
distinguished  in  the  adult  by  its  grey  or  slaty  tint,  which  is 
due  to  a  subjacent  tract  of  pigmented  nerve-cells — substantia 
ferrxigineu.     It  is  known  as  the  locus  cceruleu^, 

"  The  lateral  boundaries  of  this  part  of  the  ventricle  are 
formed  by  the  superior  peduncles  of  the  cerebellum.  These 
pass  gradually  to  the  roof  of  the  ventricle  as  they  extend 
forwards  and  upwards.  They  are  at  first  separated  fiom  one 
another  by  a  tolerably  wide  interval,  which,  however,  gradually 
narrows  near  the  end  of  the  ventricle,  the  two  crura  of  opposite 
sides  there  approaching  one  another,  and  their  margins  coming 
in  contact.  The  triangular  interval  between  the  two  crura  is 
bridged  over  by  a  lamina  of  white  matter  marked  across  with 
grey  streaks — the  superior  TneduUary  veluyn  or  valve  of 
Vii'iLSsens" — [see  above,  no.  704a]  (ii.,  p.  304). 

704c.*  "Xerve-Nliclei  ix  the  Floor  ok  the  Fourth  Ven- 
TRICLE. — A  continuous  series  of  collections  of  grey  matter^ 
which  extends  from  beneath  the  corpora  quadrigemina  down- 
wards, along  the  floor  of  the  fourth  ventricle,  and  the  centre 
of  the  medulla  oblongata  as  far  as  the  decussation  of  the 
pyramids,  constitutes  the  nuclei  of  origin  of  the  cranial  nerves 
from  the  third  to  the  hypoglossal.  Those  nuclei,  contained  in 
the  medulla  oblongata  proper,  give  origin  to  the  hypoglossal, 
the  spinal  accessory,  the  vagus,  and  the  glosso-pharyugeal 
nerves.  ...  At  the  point  of  the  calamus  scripborius  the  pro- 
minence on  each  side  of  the  median  furrow  indicates  the 
position  of  the  lower  part  of  the  vagal  nucleus.  A  little  higher 
1  Qu&ixi's  "Klemeatc,"  etc.     EtGUTH  EDITION.     London,  1870. 
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up  these  vagal  etniueaces  diverge,  and  between  them  the  hypo- 
glossal  nuclei  come  to  the  surface.  A  depreesion  on  each  side 
of  the  vagal  eminence  separates  it  from  the  inner  avditory 
nucleus.  Beneath  this  groove,  just  below  the  strife  medullaroa, 
lies  the  nucleus  of  the  gloaao-pharyngeal  nerve.  The  hypo- 
glossal nuclei  cease  near  the  striaa  medullares,  but  the  eminence 
beneath  which  they  lie  blends  with  that  of  the  vagal  nucleus, 
and  is  continued  upwards  as  the  'eminentia  teres.'  Beneath  it« 
above  the  striae  medullares,  lies  the  common  nucleus  of  the 
sixth  and/ocioZ  nerves  "  i^iL,  p.  ^10). 

c.   The  CEREBRoSPi:fAi  LrQuro. 

70^f.  CoTDONO.'—"  Whatever  there  be  between  the  dura 
matral  sheath  and  the  spinal  cord,  the  whole  of  this  space  is 
jUled,  and  indeed  always.  It  ia  not  filled  with  spinal  marrow 
which  is  more  swollen  in  living  subjects ;  nor  is  it  filled  with  a 
vaporous  mist,  as  in  this  still  obscure  subject  is  supposed  by 
some  eminent  men;  but  it  is  filled  with  a  uuUr  which  is 
similar  to  that  contained  around  the  heart  by  the  pericardium ; 
further,  to  that  which  fills  the  ventricles  of  the  brain,  the 
labyrinth  of  the  ear»  and  in  short  the  remaining  cavities  of 
the  boily,  which  are  never  to  be  approached  by  the  open  air 
(§  ix-.  p.  19). 

"  Not  only  the  dura-matral  tube,  whereby  the  spinal  cord  is 
insheathed  and  the  cord  itself  constantly  engirded,  is  thus  filled 
up  by  the  water  mentioned  above,  from  the  occiput  down  to 
the  lowest  part  of  the  os  sacrum — but  this  water  abounds  aldu 
in  the  very  cranial  cavity,  tilling  up  all  the  interstices  between 
the  brain  and  the  enclosing  dura  mater.  Some  interstices  of 
this  kind  always  occur  at  the  base  of  the  cerebrum;  and  it  is 

^  Dominici  Co/nnnji,  PliU.  et  Me<l.  Uoct,,  **dc  Ischuule  Ncrrokft  Cotnmen- 
tttrioft."  Neapnli  et  Bononis,  1776. — Other  editioiu  of  thia  now  funona  littla 
tTMtLse  aro  as  followa  :  1.  Nuplea,  1764;  2.  In  Sandi/art't  "  TfaMSurua  din* 
•ertationnin,  programmatum  et  duputationum  seloctiMiiinarum.**  Vol.  IL 
Rott«nUm,  I7ti9;  3-  V^ttmna,  1770;  4.  An  Engliab  trmnvUtiuo  pablishvd  in 
London  in  1770. 
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not  at  all  an  uncommon  thing  for  a  considerable  interval  to  be 
found  between  the  surface  of  the  brain  and  the  encompassing 
dura  mater  .  -  -  (§  x.,  p.  19). 

"  The  unreasonable  method  usually  followed  in  the  dissection 
of  bodies  is  the  cause  why  so  great  a  collection  of  water  in  the 
spine,  or  around  the  brain,  has  hitherto  escaped  the  attention 
of  the  anatomistfli  For  those  who  are  deHirous  of  examining  the 
brain  usually  sever  the  head  from  the  neck.  But  when  this  is 
doue  and  the  dura-matral  tube,  which  passes  down  through  the 
cervical  portion  of  the  spino,  is  cut  through,  the  whole  of  that 
moisture,  which  has  collected  around  the  brain  and  the  spinal 
cord,  flows  out,  and  is  heedlessly  lost.  When,  therefore,  the 
cranium  is  opened,  all  the  interstices  between  the  brain  and 
the  dura  mater,  which  were  heretofore  filled  with  water,  are 
then  discovered  to  be  empty  .  .  .  (§  xL,  p.  20). 

"  In  order,  therefore,  to  observe  manifestly  the  large  collec- 
tion of  humour  around  the  brain  and  spinal  cord,  the  following 
directions  have  to  be  carefully  followed.  Let  the  head  of  a 
fresh  body  be  raised  up,  and  after  the  muscular  covering  has 
been  removed,  and  the  cranial  bones  have  been  laid  bare,  let 
the  cranial  roof  be  removed  by  a  horizontal  section.  At  this 
initial  stage  of  the  operation,  great  care  must  be  taken,  lest 
during  the  sawing  of  the  bone,  or  during  its  removal  from  the 
dura  nmter,  this  latter  membrane  should  be  perforated  any- 
where. If,  however,  it  has  been  preserved  whole,  and  has  been 
stripped  off  the  bone,  and  if  the  body  is  that  of  an  old  man  or 
of  a  cachectic  person,  wherever  you  make  an  incision,  water 
will  flow  out ;  if  it  does  not,  the  dura  mater  is  filled  up  exactly 
by  the  brain.  Let  the  dura  mater  now  be  dissected  forthwith, 
and  the  brain  laid  bare,  and  then  it  will  appear  whether  any- 
where under  the  arachnoid  membrane  there  are  any  air-bubbles, 
however  small  If  now  the  anterior  cerebral  lobes  are  raised 
up  with  the  open  hand,  it  will  be  noticed  that  the  ethmoid 
bone  on  either  side  abounds  with  water;  and  if  the  rest  of  the 
brain  be  elevated,  it  will  be  fouud  that  all  that  part  under  the 
chiasraa  of  the  optic  nerves,  and  at  the  sides  of  the  pons  Varolii, 
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which  is  empty  in  those  heads  which  are  severed  from  the  neck, 
i3  full  of  water.  This  water  fills  also  the  cavity  in  the  sheath 
of  the  fifth  pair  of  nerves,  and  the  whole  meatus  acusticus. 
Around  the  caudex  of  the  medulla  oblongata  every  intenal  is 
filled  with  water.  Lot  the  caudex  now  be  cut  through,  and 
the  cerebrum  and  cerebellum  be  removed,  and  the  whole  body 
raised  np,  and  it  will  be  observed,  that  the  dural  tube,  which  en- 
closes the  spinal  cord,  is  totally  filled  with  water  which  surrounds 
the  whole  medulla*  If  now,  after  all  this  has  been  accomplished, 
the  sides  of  some  of  the  lumbar  vertebrje  are  cut  off  perpendi- 
cularly, and  an  incision  is  made  into  the  lower  part  of  the  dural 
tube  which  embraces  the  cauda  equina,  and  which  has  been  laid 
bare,  a  clear  liquid  will  flow  out  During  this  discharge,  the 
liquid,  which  was  visible  around  the  upper  part  of  the  spinal 
column,  gradually  subsides,  until  at  last  the  whole  of  it  trickles 
out  through  the  opening  at  the  bottom.  If,  the  head  being 
left  untouched,  the  lumbar  vertebwe  are  opened,  and  an  incision 
is  made  into  the  enclosed  dural  tube,  a  considerable  quantity  of 
moisture  will  be  discharged.  If,  however,  all  that  quantity,  which 
of  its  own  accord  has  made  its  way  towards  the  place  of  incision, 
has  been  discharged ;  and  if  afterwards  you  raise  the  head  of  the 
body,  and  shake  it,  a  new  and  more  abundant  flow  of  liquid, 
as  if  a  new  source  of  it  had  been  unstopped,  will  be  dire<?ted 
towards  the  open  place.  These  experiments  I  repeated  at 
different  times  in  about  twenty  adult  bodies,  and  I  was  able  to 
draw  freely  from  the  cavity  of  the  spine  four,  and  sometimes  as 
many  as  five  ounces  of  water.  This  water  was  found  perfectly 
limpid  and  clear  in  adults,  although  in  some  cases  it  had  a  slight 
yellowish  tinge ;  in  fetuses,  however,  which  had  been  auHbcaied 
by  a  difficult  birth,  however  small  the  quantity  of  the  water, 
it  was  always  found  to  be  of  a  reddish  colour  and  opaque 
(pp.  21-23). 

"  It  seems  to  be  beyond  all  possible  doubt  that  the  vapour  of 
the  spine,  as  well  as  that  which  moistens  the  remaining  cavitioft 
of  the  body,  constantly  exudes  from  the  extremities  of  the  le«»t 
arteries,  and  is  again  reabsorbed  through   the  least  vclui  by 


I  »y  ^ 
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which  it  13  inhaled.  ...  I  do  not  entertain,  however,  the 
shadow  of  a  doubt,  that  presently  there  are  commingled  with 
these  waters  of  the  spine  also  those  which  are  received  by  the 
fourth  ventricle,  either  from  the  lateral  ventricles  of  the  brain 
through  the  third  ventricle  and  the  aqueduct  of  Sylvius,  or 
from  the  cerebellum  by  an  exhalation  from  its  own  arteries. 
The  vertical  position  of  the  fourth  ventricle,  and  the  fact  of  the 
way  thence  into  the  cavity  of  the  spine  being  sufficiently  open, 
favour  the  conviction  that  there  is  a  discharge  of  moisture 
thence  into  the  spine  "  (§  xiv.,  p.  24). 

704f/.  CnirvEiLHlEH,* — "  There  exists  around  the  spinal  cord 
a  serous  fluid,  in  quantity  sufficient  to  occupy  the  interval  left 
between  the  conl  and  the  dura  mater:  this  fluid  is  seated  in 
the  sub-arachnoid  space.  A  similar  fluid  exists  in  the  ventricles 
of  the  brain  and  in  the  sub-arachnoid  cellular  tissue,  and  Alls 
the  free  spaces  of  the  cranial  cavity. 

"The  existence  of  the  s»ib-arachnoid  fluid  was  pointed  out 
by  Haller  {Elementa  Fhy8iologi<jey  T.  iv.,  p.  87),  and  most 
explicitly  and  completely  demonstrated  by  Cotugno  {Be  iachitide 
'mrvoaa  comvien tuHii^),  bu t  the  fact  was  neglected  by 
anatomists,  and  the  fluid  regarded  by  some  as  the  result  of 
cadaveric  exudation,  and  by  others  as  that  of  a  morbid  action. 
The  existence  of  this  fluid  has  been  again  confirmed  by  M. 
Magendie.  who,  moreover,  has  clearly  proved  that  it  is  seated 
in  the  sub-arachnoid  tissue.  .  .  . 

"  The  objection  that  this  fluid  is  found  after  death,  but  does 
not  necessarily  exist  in  the  living  subject,  is  overthrown  by  the 
following  experiment : — If  the  posterior  cervical  muscles  bo 
divided  in  a  living  dog  at  their  occipital  attachments,  the 
posterior  occipito-atlantoid  ligament  will  be  exposed.  The 
parts  being  well  cleansed,  the  ligament  must  be  cut  away 
layer  by  layer,  with  a  scalpel  held  flat  against  it.  The  ligaments 
will  scarcely  be  cut  through,  before  a  small  hernial  protrusion, 
containing  a  fluid,  will  be  seen;  this  consists  of  the  visceral 
arachnoid  [the  arachnoid  proper]  raised  by  the  rush  of  fluid.  If 
*  *'  DeAcriptire  Anatomy."  in  TitKedU'9  "  Library  of  Medicine."    London,  1842, 
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a  crucial  incision  be  then  made  in  the  occipito-atlantoid  liga- 
ment by  the  aid  of  a  director/  a  fluid  as  limpid  as  distilled 
water  will  be  seen  beneath  the  arachnoid,  which  fluid  is  agitated 
by  two  kinds  of  motion,  one  of  which  is  isochronous  with  the 
pulse,  and  the  other  with  the  respiratory  movements.  If  the 
arachnoid  be  next  punctured,  the  fluid  will  immediately  escape 
in  jets,  and  its  quantity  may  be  ascertained.  .  .  . 

"The  sub-arachnoid  fluid  exists  not  only  in  the  vertebral 
canal,  but  also  within  the  cranium  in  which  it  Alls  up  all  the 
spaces  between  the  brain  and  the  dura  mater.  .  .  .  The  quantity 
of  the  8ub-aracfauoid  fluid  is  in  direct  ratio  with  the  progress  of 
age;  in  aged  lunatics,  in  whom  the  convolutions  of  the  brain 
are  much  atrophied,  the  quantity  of  this  fluid  contained  within 
the  cavity  of  the  brain  is  very  great;  none  of  these  facta 
escaped  the  notice  of  Cotugno.  The  sub-arachnoid  fluid  in  the 
cranium  is  not  distributed  equally  around  the  brain,  but  is 
chiefly  seated  at  its  base.  In  order  to  show  this  fluid,  it  is 
merely  necessary  to  raise  up  the  brain  carefully  from  before 
backwards,  when  it  will  be  seen  distending  all  the  funnel- 
shaped  prolongations  formed  by  the  arachnoid  around  the 
nerves,  and  it  will  escape  as  soon  as  the  membrane  is  divided  *' 
(ii.,pp.  920,  921). 

704t.  Quain.' — "This  is  a  very  limpid  serous  fluid  which 
occupies  the  sub-arachnoid  space.  When  collected  immediately 
after  death,  its  quantity  was  found  by  Magendie  in  the  human 
subject  to  vary  from  two  drachma  to  two  ounces.  It  is  slightly 
alkaline,  and  consists,  according  to  an  analysis  by  Lassaigne,  of 
98*5  parts  of  water,  the  remaining  1*5  per  cent  being  solid 
matter,  animal  and  saline.  In  experiments  made  on  the  dog, 
it  was  found  by  Magendie  to  be  reproduced  in  thirty-six  hours 
after  it  had  been  drawn  ofl',  by  puncturing  the  membranes  at 
the  lower  part  of  the  cord.     When  pressure  is  made  upon  tho 

'  "It  U  highly  iuportout  to  make  the  transverBe  iocUion  very  ihort,  in 
order  to  avoid  iujnriitg  the  very  large  cerebral  vcina  ;  {or  if  these  vcawla  b« 
cat,  the  hemorrhage  wiU  bo  »o  abundant  aa  to  prevent  the  contiimatibn  of  tii« 
experiment." 

*  **£lQflienta  of  Anatomy."    Eioarn  EtUTlo^.     London,  1S76. 
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brain,  the  quantity  of  fluid  in  the  spinal  sub-arachnoid  space  is 
increased,  and  conversely  it  may  be  forced  from  the  spinal 
column  upwards  into  the  cranium"  (ii.,  p.  575). 

The  literature  on  the  subject  of  the  Cerebro-Spinal  Liquid 
will  be  found  in  the  Appendix,  at  the  end  of  Note  vii. — Editob. 


<L  Thb  Foxamiua  of  the  Fourth  Ventricle, 

704fj.  Key  and  Retzius.i — "  Magendie's  description  of  the 

foramen  at  the  lower  end  of  the  fourth  ventricle  is  as  follows : — 

He  discovered  a  real,  constant  and  normal   aperture  through 

which  the  cerebro-spinal  fluid  perpetually  passes,  in  order  to 

enter   and    to   leave    the   fourth    ventricle.     This   aperture   is 

situated  at  the  lower  extremity  of  the  fourth  ventricle  which, 

by  the  older  anatomists,  was  called   the  calamus  scriptorius. 

In  order  to  convince  yourself  of  the  existence  of  this  opening, 

all  you  have  to  do  is  to  raise  a  little  the  edges  of  the  inferior 

vermiform  process  of  the   cerebellum  and   draw  them   apart 

Without  tearing  any  of  the  tissues,  whereby  the  vessels  of  this 

portion  of  the  cerebellum  are  attached  to  the  pia  mater  of  the 

spinal  marrow,  you  will  then  see  an  actual  inlet  terminating  in 

the  fourth  ventricle.     This  is  the  anterior  side  of  the  foramen 

[turned  towards  the  medulla  oblongata] ;  its  lateral,  as  well  as 

its  upper  sides  are  formed  by  the  choroid  plexus  and  a  medullary 

lamina,  which  is  more  or  less  extensive,  and  which  is  flrmly 

inrooted  in  the  lateral  and  in  the  prolonged  extremities  of  the 

fourth  ventricle.     The  shape  and  size  of  this  foramen  vary  with 

different  individuals,  for  they  are  proportionate  to  the  quantity 

of  the  cerebro-spinal   liquid     Sometimes,  when   this   fluid  is 

very  abundant,  the  foramen  is  large  enough  to  adroit  the  end 

of  a  fluger.     Ordinarily,  and  when  there  is  the  normal  quantity 

of  this  liquid,  the  diameter  of  the  foramen  in  every  direction  is 

from  two  to  three  lines,  and  often   it   is  divided  into  several 

compartments  by  vessels  passing  from  the  medulla  oblongata 


*  Axfi  ATey  and  Otutaf  J^etziw*, 


K3rvt«liu  und  dcm  Bindegwebea."     Vol 


**StudiQn  io  der  Anatomie  dea  Kcrren* 

Stockholm,  1575. 
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into  the  cerebellum.  Sometimes  the  caliber  of  the  foramen  U 
reduced  by  one  or  both  of  the  posterior  arteries  of  the  cere- 
bellum passing  in  front  of  it  Magcndie  called  this  foramen 
the  common  'orifice  of  the  encephalic  cavities '"  (p.  12). 

70-4A:.  "Ltischka*   affirmed    the   existence   of    the   foramen 
between  the  fourth  ventricle  and  the  sub-arachnoid  spaces,  and 
called  it  after  its  discoverer — foramen  Magendii.     According 
to  him,  this  foramen  is  of  normal  occurrence  in  man,  but  not  in 
all  animals.     He  says, '  As  to  the  result  of  my  investigations  in 
the  horse,  I  found,  in  agreement  with  Renault,  that  the  lower 
end  of  the   fourth  ventricle   in  these  animals  is   completely 
closed  up.'  ...  In  addition  to  the  foramen  Magendii.  Luschka 
discovered  two  additional  foramina  leading  from  the  fourth  vea- 
tricle  into  the  sub-arachnoid  spaces.    His  description  is  as  follows : 
— '  On  either  side,  the  outer  angles  of  the  fourth  ventricle  assume 
the  form  of  a  gutter  leading  outside,  whereby  the  latter  portion 
of  the  choroid  plexus  passes  outside  of  tlie  fourth  ventricle,  while 
the  arachnoidea  stretches  freely  over  the  place  in  question.    The 
fourth  ventricle,  therefore,  by  its  exterior  angles,  has  an  open 
communication  with  the  sub-arachnoid  space.    The  hiatus,  where 
the  pia  mater  passes  over  into  the  ependynia,  meanwhile,  through 
the  lateral  portion  of  the  choroid  plexus  of  the  fourth  ventricle, 
is  so  much  contracted,  that  only  a  narrow  slit  remains,  which 
is,  however,  sufficiently  ample    to   furnish   an   entrance   here, 
under  the  arachnoidea,  to  a  liquid  which  is  injected  from  below 
with  a  tubulus,  the  tela  choroidea  inferior  still  being  fully  pre- 
served.    This  anatomical  fact   is   of  considerable   importance. 
because   in  some  animals,  for  instance,  the   horse,  the   lower 
extremity  of  the  fourth  ventricle  is  completely  closed  up,  in 
which  case  the   exterior  angles  of  this   cavity  are  the  only 
means  whereby  a  communication  may  be  effected  between  the 
fourth  ventricle  and  the  sub-arachnoid  space*"  (p.  20). 

704i.  The  results  obtained  by  Key  and  Retzius  themselves 
are  as  follows ; — "  As  a  direct  proof  of  the  existence  of  the 
foramen   Magendii,   we   regard   that   furnished   by   injections. 

•  *'Adergeflechte,"eto.     Berlin,  1865. 
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Such  injectioQB  with  coDgcaUnjs;^  substances,  namely,  glue  and 
paraffin,  we  made  from  the  sub-arachnoid  spaces  of  the  spiral 
cord,  as  well  as  from  the  ventricles  of  the  cerebrum.  The 
injected  mass  was  found  in  an  uninterrupted  state  of  continuity, 
and  indeed  in  all  stages  of  progress,  from  the  '  cistcma  magna/ 
pursuing  its  way  through  the  foramen  Magendii  into  the  fourth 
ventricle;  sometimes  it  extended  into  the  ventricle  simply  in 
the  form  of  a  long  bolt.  .  .  .  Once  only  we  found  the  foramen 
Magendii  closed  by  a  thin  membrane,  which  membrane  seemed 
to  be  an  immediate  continuation  of  the  tela  choroidea  "  (p.  54). 

Their  own  experience,  in  respect  to  the  two  lateral  foramina 
described  by  Luscbka,  is  as  follows :  "  The  existence  of  these 
lateral  foramina  under  normal  conditions  is  decidedly  corro- 
borated by  the  injections.  Whether  these  injections  were  made 
from  the  sub-arachnoid  spaces,  or  from  the  ventricles  of  the 
cerebrum,  the  congealed  mass  was  found  continued  from  the 
fourth  ventricle  through  the  lateral  foramina,  and  in  an  uninter- 
rupted state  of  conjuQCtion  with  the  mass  in  the  sub-arachaoid 
spaces.  When  the  injections  were  made  from  the  direction  of 
iho  aqueduct  of  Sylvius,  with  a  mass  of  glue  which  quickly 
congealed,  and  when  the  injection  soon  after  was  interrupted, 
we  succeeded  in  obtaining  the  mass  issuing  from  the  lateral 
foramina,  as  well  as  from  the  foramen  Magendii,  in  the  form  of 
bolts  which  extended  only  a  short  distance  ouUido.  Such 
injections  furnish  very  instructive  preparations ;  they  also  show 
how  easily  a  sluggish  ntass,  almost  in  the  act  of  congealing, 
passes  outside  of  the  ventricle  through  the  lateral  foramina,  even 
when  the  foramen  Magendii  is  open.  Like  the  foramen 
Magendii.  cither  of  the  two  lateral  foramina,  or  even  both  of 
them,  may  be  closed.  This  was  observed  already  by  Luschku  " 
(pp.  119.  120). 

70im,  QrAjy.' — "The  sub-arachnoid  space  communicates  with 

the  ventricles  of  the  brain  by  means  of  the  foramen  of  Magendie, 

the  opening  iuto  the  lower  part  of  the  ventricle,  throngh  the 

pia-matral  exjiansion  (tela  choroidea  inferior)  which  closes  it 

'  *'  Elcrmcnti  of  Anjktomy."    Ninth  Eomosr.    London,  1882. 

Z 
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Two  other  openings  through  this  membrane  exist,  one  on  each 
side,  behind  the  upper  roots  of  the  gloaso- pharyngeal  nerve,  in 
the  pouch-like  extension  of  the  membrane  beneath  the  ilocculus  " 
(ii.,  p.  37C). 


e.  The  Sptxal  or  Cestral  Canau 

7047U  Henle.* — "  By  the  improved  methods  of  investigation 
of  modern  times,  and  especially  by  the  microscopical  examination 
^^  thin  horizontal  fceclions,  it  has  been  placed  beyond  doubt 
that  the  central  canal,  which  formerly  was  considered  as  a 
formation  peculiar  to  the  fetus,  and  which  in  adults  was  allowed 
to  exist  only  in  the  cervical  portion  of  the  spinal  cord,  is  of 
regular  occurrence  in  all  vertebrata  of  all  ages,  and  in  every 
part  of  the  spinal  cord.  A  difference  of  opinions,  however,  still 
prevails  on  the  question  whether  there  are  not  more  or  less 
frequent  exceptions  to  this  rule.  The  following  observers 
admit  tho  absolute  constancy  of  the  central  canal:  Bidder, 
Owsjannikow,  R.  Wagner,  Schroder  van  der  Kolk,  and  Stilling. 
and  they  are  of  opiniim  that  the  non-discovery  of  this  canal  is 
due  to  a  fault  in  the  methods  of  preparation  or  of  hardening. 
Foville  maintains  that  this  canal  is  constant  in  children,  and 
easily  demonstrable  in  their  case,  but  not  so  easily  in  adults. 
Kolliker,  on  the  contrary,  firmly  maintains  that  not  unfrequently 
the  central  canal  becomes  obliterated,  mostly  in  the  cervical 
portion ;  in  which  case  it  is  replaced  by  a  cord  of  cells  which 
partly  contain  several  nuclei."  etc.  fp.  43). 

704t>.  QuAiN.*— "  Central  canal, — Extending  through  tho 
whole  length  of  the  spinal  cord,  in  the  substance  of  the  grej 
commissure,  there  is  a  minute  central  canal  which,  in  prepared 
transverse  soctions  of  the  cord,  is  barely  visible,  as  a  speck, 
with  the  naked  eye.  Superiorly  it  is  continued  into,  and  ufieus 
out  at,  the  calamus  scriptorius  of  the   fourth  ventricle;  and 

'  **HAudbuuh  der   a^stouuiliiiobea  ADatomie   des    Metucheu,"   P&rt    IIL 
BraunHchweig,  1S71. 
'  "  KLtui«i)U  of  Aimtomy."    Eighth  Kmtio^.    Loudon.  ISTO. 
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infcriorlj,  at  the  oxtrefnity  of  the  conus  moduUaris,  it  becomes 
enlarged,  shaped  like  the  letter  T,  and  extends  backwards  to 
the  surface  of  the  cord,  being  covered  in  only  by  pia  mater  and 
connective  tissue.  This  canal,  though  minute,  is  an  object  uf 
considerable  interest  as  a  typical  part  of  the  structure  of  the 
cord,  it  being  the  permanent  remiiins  of  the  cavity  of  the 
cylinder,  formed  by  the  spinal  cx)rd  at  the  earliest  period  of  its 
development.  It  is  more  distinctly  seen  in  fishes,  reptiles  and 
birds,  than  in  mammals  "  (il,  p.  496). 

704p.  CiUiPENTEii.* — "  The  '  spinal  canal,'  which  is  continued 
downwards  from  the  fourth  ventricle,  is  about  one-hundredth  of 
an  inch  in  diameter,  and,  according  to  Mr.  Lockhart  Clarke,  is 
lined  with  a  layer  of  columnar  ciliated  cells,  whose  attached 
extremities  taper  into  delicate  fibres,  becoming  continuous  with 
the   fibres   of  the   connective   tissue   of    the   white  column " 


/  The  SvB'ARACHrfoiD  Space. 

704^.  QuAlN.^ — "  The  sub-arachnoid  space — the  space  be- 
tween the  arachnoid  membrane  and  the  pia  mater — is  larger 
and  more  evident  in  some  places  than  in  others.  Thus,  in  tho 
longitudinal  fissure,  the  arachnoid  does  not  descend  to  the 
bottom,  but  passes  across,  immediately  below  the  edge  of  the 
ialx,  at  some  distance  above  the  corpus  callosum.  In  the 
interval  thus  left,  the  arteries  of  the  corpus  callosum  run  back- 
wards along  that  body.  At  the  base  of  the  brain  and  in  the 
spinal  canal  there  is  a  wide  interval  between  the  araclinoid  and 
tho  pia  muter.  In  the  base  of  the  brain,  this  sub-arachnoid 
space  extends  in  front  over  the  pons  and  the  interpeduncular 
recess  as  far  forwards  as  the  optic  nerves,  and  behind  it  forms  a 
considerable  interval  between  the  cerebellum  and  the  back  of  the 
medulla  oblongata.  In  the  spinal  canal,  where  it  surrounds  the 
cord,  it  is  of  considerable  extent.     It  is  occupied,  in  both  brain 


*  *'  Principlca  of  Human  Physiology."     Skventh  EumoN,  18fl9. 
■  **  ElemcuU  of  Aimtomy.  "    Nurm  Iuoitiox,  ISti'J. 
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and  cord,  by  trabeculse  aud  thin  membranoua  extensions  of 
delicate  connective  tissue,  connected  on  the  one  hand  with  the 
arachnoid,  and  on  the  other  with  the  pia  mater.  This  tissue 
is  most  abundant  where  the  space  between  the  two  membranes 
is  least  It  is  dense  in  the  neighbourhood  of  the  vessels  and  is 
continuous  with  the  tissue  of  their  walls.  In  the  sub-arachnoid 
s.mce,  at  the  base  of  the  brain,  in  several  places  the  arachnoid  is 
separated  by  larger  iuLervals  than  at  other  parts  from  the  pia 
niatcr. 

"The  sub-arachnoid  space  communicates  with  the  ventricles 
of  the  brain  by  means  of  the/c)?Y<me«.  of  Magendie,  the  open- 
ing into  the  lower  part  of  the  fourth  ventricle,  through  the 
pia-matral  expansion  (tela  choroidea  inferior)  which  closes  it. 
Two  other  openings  through  this  membrane  exist,  one  on  each 
side,  behind  the  upper  roots  of  the  glosso-phaiyngeal  nerve,  in 
the  pouch-like  extension  of  the  membrane  beneath  the  flocculus* 

"  A  certain  quantity  of  fluid  is  contained  between  the 
arachnoid  membrane  and  the  dura  mater ;  but  the  chief  part 
of  the  cerebro-spinal  fluid  is  lodged  in  the  sub-arachnoid  space 
in  the  meshes  of  the  trabecular  tissue. 

"The  spinal  sub-arachnoid  space  is  divided  by  an  imperfect 
iibrous  septum  on  either  side  termed  the  ligamentuin  denticu- 
latum  into  interior  and  posterior  portions.  .  .  .  Sub-arachnoid 
trabeculie  also  connect  the  nerve-roots  with  the  inner  surface 
of  the  arachnoid,  and  in  the  dorsal  region  fine  membranous 
trabecule  extend  between  the  posterior  nerve-roots,  and  the 
jwsteAor  septum — a  sort  of  septum  dividing  the  sub-arachnoid 
space  at  the  back  part  of  the  cord  In  most  cases,  however,  the 
sub-arachnoid  trabeculse  are  far  less  developed  in  the  spinal 
canal  than  in  the  cranium  "  (ii.,  p.  37C). 


^.  Tf/s  Lymphatic  Spaces  in  the  PERrPUEKAL  Nesves, 

704r.  CoTCGKO.^ — "There  remains  to  ua  now  to  examioo 
carefully  whether  the  moisture  of  the  spine,  which  has  boea 

^  *'  De  [scUiulc  Kcr\'o«a  Commctit&riuB. "     Naple*.  I7T5» 
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described  above — the  cerebro-spinal  liquid — penetrates  the 
sheaths  of  the  nerves  which  origiaate  from  the  spiual  cord^  so 
as  to  bathe  aud  warm  the  nerves  which  descend  into  and  are 
propagated  through  the  body,  even  as  it  affords  the  same  use 
to  the  whole  of  the  medulla.  The  same  dura-matral  tube,  by 
which  the  spinal  cord  is  enclosed,  receives  also  in  a  funnel- 
like appendage,  and  in  a  kind  of  loose  sheath,  the  separate 
nerves  which  depart  from  the  spinal  cord.  This  same  sheath 
attends  the  nerve  freely,  until  at  its  point  of  departure  from 
the  spine  it  produces  a  ganglion.  Now,  inasmuch  as  the 
cavities  of  all  those  sheaths,  which  receive  in  themselves  the 
nerves  of  the  spinal  cord,  are  continuous  with  the  cavity  of  the 
dura-matral  tube  which  encloses  the  spinal  cord,  and  as  chcso 
cavities  are  uninterruptedly  filled  with  the  very  same  vapour 
or  moisture,  it  is  evident  that  each  nerve,  as  far  as  its  ganglion, 
\%  warmed  by  the  moisture  of  the  spiual  cord.  For  each  of 
these  dural  sheaths,  which  had  remained  open  so  far,  becomes 
now  fastened  firmly  around  the  ganglion,  and  from  thence  it  is 
dissolved  into  ccUular  laminse.  which  partly  embrace  the  nerve 
on  al!  sides,  and  partly  invest  also  the  individual  nervous 
tilamcuts.  The  vapour  thus  seems  to  be  debarred  from  passing 
beyond  the  ganglion,  wherefore  we  were  willing  to  prove 
whether  a  passage  was  afforded  to  mercury  even  as  it  was  to 
air.  For  the  air  when  driven  in  through  a  tube,  which  was 
applied  to  the  open  oritice  of  the  sheath  on  this  aide  of  the 
ganglion,  overcame  the  ganglion,  and  all  the  sheaths  which 
invested  the  nerve  were  in  this  manner  quickly  puffed  up  on 
the  other  side  of  the  ganglion.  Mercury,  when  injected  aud 
squeezed,  travelled  the  same  way  through  the  narrow  defiles  of 
the  ganglion,  and  penetrated  into  the  very  cellular  sheaths  of 
the  nerve  beyond.  .  .  .  And  although  the  passage  of  the  air 
and  of  the  mercury  beyond  the  ganglion  could  not  be  effected 
without  some  pressure,  still  the  pressure  was  light,  or,  at  all 
events,  not  so  great  as  to  suppose  the  existence  of  an  obstaclo 
which  the  spinal  moisture  could  not  overcome  in  a  living  man 
of  it«  own  accord,  and  without  pressure.     If,  however,  the  purity 
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of  the  Rpiual  vapour  and  its  aqueous  character  is  taken  into 
consideration,  whereby  it  is  enabled  to  penetrate  much  more 
easily  than  air  and  mercury,  and  if  due  weight  is  attributed  to 
the  circumstance  of  the  paths  which  are  to  be  crossed,  being 
much  looser  in  a  living  subject,  and  of  the  liquid,  which  is  to 
pass  through,  being  rendered  more  penetrating  by  warmth, 
there  is  suflBcient  reason  why  the  opinion  of  those  should  not 
be  impugned,  who  maintain  that  the  nerves  enjoy  the  benefit 
of  the  spinal  moisture  even  beyond  the  spinal  ganglion " 
(xxiv.,  p.  39). 

7048.  Williams.' — From  a  summary  on  the  uses  of  the 
cerebro-spinal  liquid  we  extract  as  follows:  "The  following 
statements,  some  of  which  we  know  to  be  matters  of  fact,  while 
others  are  in  our  present  state  of  knowledge  necessarily 
hypothetical,  I  venture  to  bring  forward : — 

"That  the  cerebro-spinal  fluid  occupies  that  space  which 
exists  between  the  inner  layer  of  the  arachnoid  and  the  pia 
mater ;  and  that,  as  pointed  out  by  Magendie,  the  ventricles  of 
the  brain  communicate  with  this  sub-arachnoidal  cavity.  .  .  . 

"  That  the  intra  and  extra-cranial  sub-arachnoidal  tubes, 
surrounding  the  cerebral  nerves,  as  they  emerge  from  the 
cranium,  communicate  continuously  and  directly  with  the  fluid 
in  the  large  intra-cranial  sub-arachnoidal  spaces,  aud  conse- 
quently also  with  the  spinal  sub-arachnoidal  sac. 

"  That  the  filaments  of  the  roots  of  the  cerebral  and  spinal 
nerves  may  be  seen  floating  in  the  cerebro-spinal  fluid.  .  .  . 

"That  the  quantity  of  the  cerebro-spinal  fluid  is  infinitely 
greater  than  is  usually  imagined  or  described ;  and  that  it  is 
not  only  rapidly  secreted,  but  also  rapidly  renewed  .  .  , 

"  That  the  cerebro-spinal  fluid  actually  comes  into  contact  with 
what  wo  believe  to  be  most  important  portions  of  the  cerebro- 
spinal mass;  and  that  it  also  is  probably  distribute  throughout 
the  whole  of  the  brain  and  spinal  cori).  and  rvcn  the  minnt^st 
peripheric  terminations  of  the  Tiei'ves. 

1  WilliMna  (Joeeph,  M.D.)>  *'0d  the  C«robro- spinal  FluM/*  la  "  UmtM  " 
of  F«b.  18.  1860. 
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That  the  cerebro-spiual  fluid  is  probably  secreted  by  the 
cellular  portioa  of  the  cerebro-spinal  mass,  or  by  the  pia  mater, 
aud  that  it  is  being  constantly  diffused  throughout  the  whole 
of  the  nervous  system. 

"That  the  pia  mater  not  only  dips  down  into  the  convolu- 
tiona,  aa  usually  described,  but  that  it  probably,  ae  a  highly 
vascular  and  delicately  attenuated  membrane,  penetrates  into 
every  portion  of  the  cerebro-spinal  mass,  wherever  the  arterial 
blood  is  distributed.  .  ,  , 

"  That  the  alternate  rise  and  fall  of  the  cerebro-spinal  fluid 
does  not  synchronize  with  the  pulsations  of  the  heart,  but 
corresponds  with  the  movements  of  respiration,  there  being  an 
alternate  compression  and  exhaustion,  and  hence  the  dynamic 
power  for  sustaining  the  circulation  of  the  cerebro-spinal  fluid. 

"That  undulatory  motions  and  currents  exist  in  all  the 
cavities  of  the  brain  and  spinal  cord.  .  .  . 

"That  when  this  fluid  is  deficient,  perverted,  and  desiccated, 
it  may  cause  a  partial  or  complete  paralysis,  as  also  atrophic 
wastiug  of  muscles ;  Tnoistiire  being  so  esaential  far  all  net^ovs 
activji, 

"  Such  are  the  opinions,  I  venture,  with  great  diffidence,  to 
submit,  as  to  the  uses  of  the  cerebro-spinal  fluid.  Its  import- 
ance has  certainly  not  yet  been  fully  recognised.  Only  recently, 
when  conversing  with  a  distinguished  physiologist,  ho  told  me 
he  considered  '  it  played  but  a  very  subordinate  part  in  the 
iiuimal  economy.'  I  would  now,  however,  iain  believe  that  but 
few  persons  will  read  this  synopsis  without  at  least  acknow- 
ledging that  this  fluid  must  play  a  most  important  part  in  the 
animal  kiugtlom"  (pp.  165,  1C6). 

704<.  QuAlN*.^ — "  The  nerves,  as  they  pass  from  the  brun  and 
spinal  cord,  receive  their  perineural  covering  from  the  pia  mater. 
and  in  addition,  two  looser  sheaths,  an  outer  from  the  dura 
mater,  and  an  inner  from  the  arachnoid.  Upon  the  optic  nerve 
these  sheaths  remain  distinct  and  separate,  so  that  the  space 
which  each  encloses  can  be  injected,  the  outer  from  the  aub- 
'  "  Elements  of  Anatomy. **    Nlnth  EornoN.     London,  1882. 
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tiouB  between  the  individual  fascicles ;  and  between  the  dural 
partitions  and  these  fascicles  themselves  there  is  always  some 
arachnoidal  tissue.  The  farther,  therefore,  the  nerve-roota 
retreat  from  the  cord,  the  more  are  they  sub-divided  into 
distinct  nerve-fascicles,  each  of  which  is  encompassed  by  an 
arachnoido-dural  sheath.  The  arachnoidal  sheath  itself,  how- 
ever, as  well  as  the  partitions  which  it  lets  down  into  the 
interiors  of  the  posterior  root  between  the  fascicles,  the  farther 
they  are  removed  from  the  cord,  become  of  a  more  robust  struc- 
ture by  the  insertion  into  them  of  fibrillous  trabeculae 
(ii.  p.  8). 

In  the  vaginal  tissue,  which  in  this  manner  is  developed  out 
of  the  dura  and  the  arachnoidea  through  the  mediation  of 
trabeculae  and  membranes,  another  formation  is  noticed  as  the 
nerve  approaches  the  ganglion.  For  the  intervals  between  the 
trabecule  and  membranes  are  beginning  to  be  filled  up  with 
cellular  tissue,  marked  with  nuclei  of  a  roundish  shape,  in  the 
meshes  of  which  are  small  spaces  and  passages  of  a  varied  form. 
This  tissue,  which  is  sitiiated  in  the  partitions  between  the 
fascicle,  Key  and  Ketzius  denominate  "^>7'«7Wfr«fory  tis^u^" 
becatisc  in  this  tissue,  which  becomes  more  abundant  as  the 
nerve-roots  pass  into  the  ganglion  proper,  nests  of  ganglionic 
cells  are  bv-and-by  discovered  (iL,  pp.  8,  25). 

704v.  The  conn'kctive  tissue  formations  in  the  oxynhijL. 
— On  examining  the  spinal  ganglion  itself,  the  dural  sheath  is 
found  to  be  continued  over  the  whole  surface  of  the  ganglion, 
after  it  has  first  entered  into  an  intimate  conjunction  with 
the  adipose  tissue  from  the  vertebral  theca,  whereby  the  nerve- 
roota  ha<i  been  attended.  Under  the  dural  sheath  of  the 
ganglion  the  arachnoid  tissue  is  continued,  that  is.  the  arach- 
noidea proper  and  the  sub-arachnoidal  tissue,  which  consist*  of 
many  cellular  membranes  lying  close  to  one  anothi^r.  The  dura 
and  arachuoidea  are  joined  together  in  many  places,  and  many 
trabeculse  ]>a5S  from  the  former  into  the  latter,  so  that  tho 
boundarj'-Iine  between  the  two  is  effaced  (ii.,  p.  22). 

In  the  interior  of  the  ganglion  the  ao-called  "  prej)aratory 
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tissue."  alluded  to  above,  is  found  more  abundant  between  the 
several  fascicles,  and  nests  of  ganglionic  cells  are  now  discovered 
in  this  tissue.  These  ganglionic  cells  seem  to  exert  a  dissolving 
influence  on  some  of  the  nerve-fascicles  which  enter  the 
ganglion,  especially  on  those  which  are  in  their  immediate 
neighbourhood,  for  they  break  them  up  into  smaller  bundles, 
each  of  which  is  encircled  by  its  own  laminated  sheath.  The 
remaining  fascicles,  however,  which  also  preserve  their  laminated 
sheath,  draw  nearer  to  one  another,  and  gradually  are  bound 
up  into  a  more  compact  nerve-trunk.  The  interstitial  tissue, 
termed  "preparatory,"  is  also  inserted  into  the  sheaths  of  the 
smaller  bundles  and  fascicles  adverted  to  above,  which  sheaths 
form  partitions  between  them  (ii.,  p.  26). 

The  ganglionic  cells  themselves,  as  already  stated,  are  im- 
bedded in  this  interstitial  tissue  which  at  one  time  partakes 
more  of  the  character  of  the  so-called  *'  preparatory  tissue,"  and 
is  more  cellular  and  spongy  in  its  nature,  and  at  another  seems 
to  consist  of  more  sharply  marked,  thin,  homogeneous,  little 
membranes,  which  are  detached  from  one  another  to  a  certain 
distance,  presenting  thus  a  laminated  and  stratified  appearance 
(ii..  p.  47). 

Such  laminated  membranes,  covered  with  membranous  cells, 
aa  in  appearance  are  very  much  like  the  little  sub-arachnoid 
membranes,  form  a  mass  of  small  compartments  throughout 
the  whole  of  the  ganglion,  and  here  and  there  they  press  more 
closely  together,  thus  forming  more  robust  partitions  through 
the  gauglioa  These  lamiuated  partitions  envelop  the  smaller 
groups  of  nerve-fascicles,  and  combiue  with  the  sheaths 
which  these  fascicles  have  derived  from  the  arachnoidal  tissue. 
The  thicker  partitions,  however,  which  consist  of  a  number  of 
laroinse  crowded  together,  proceed  towards  the  surface  of  the 
ganglion,  where  they  unfold  themselves,  and  branching  out 
apply  themselves  closely  to  the  interior  surface  of  the  ganglion, 
forming  there  a  concentric  layer  of  laminse,  each  of  which  has 
its  coutinuation  into  the  interior.  This  interior  stratum  of 
.lamias   is  styled    by   our  authors   iJie    perineuriuTn  of  the 
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ganglion.  As  these  laminas  draw  nearer  to  the  outer  surface  of 
the  gauglion,  they  are  covered  with  stronger,  elastic  nets  woven 
of  fibres ;  oblique  clefts  also  open  here  and  there  between  them. 
Thence  arises  the  ephueurium  of  the  ganglion,  as  it  is  called 
by  our  authors.  As  the  epinourium  approaches  the  outer 
surface  of  the  ganglion  fat  appears  in  its  tissue;  it  becomes 
looser,  and  is  finally  attached  to  the  outermost  adipose  tissue  of 
the  ganglion  (ii.,  p.  4S). — As  already  indicated,  it  must  not  Ihj 
supposed  that  the  perineurium  and  epineurium  are  new  creations 
wrought  in  the  ganglion.  They  are  simply  homogeneous, 
laminated  trausforiTiatious  of  the  dural  and  arachnoidal  sheaths, 
which  through  the  nerve-roots  have  been  continued  from  the 
spinal  cord. 

As  the  laminse  of  the  perineurium,  however,  extend  likewise 
into  the  interior  of  the  ganglion,  where  they  form  numerous 
laminated  partitions  between  the  several  groups  and  fascicles 
of  the  nerve-roots,  our  authors  term  these  interior  continuations 
the  endwveurium  of  tfie  gatiglion  (ii,  pp.  48,  49). 

704iy.  The  epineurium,  peuineurium  and  endoneurium 
or  TUE  rEUiriiEiiAL  NERVES. — We  now  translate  from  Key  and 
Retzius  directly: — "Every  larger  nerve,  as  is  well  known, 
consists  of  a  number  of  fascicles,  all  of  which  are  held  together 
by  a  connective  tissue,  the  so-called  newrilenima.  Every 
fascicle,  however,  appears  surrounded  by  a  special  sheath,  for 
which  we  thought  it  advisable  to  retain  Robin's  appellation 
periTiettriuTn.  The  term  'neurilemma,*  which  is  so  very  liable 
to  be  misunderstood,  we  have  dropped  altogether ;  and  all  that 
connective  tissue  which  extends  inwards  from  the  perineurium, 
and  which  is  thus  contained  in  the  interior  of  the  Dorr^ 
fascicles  we  denominate  endoneuri'WTn ;  while  the  connective 
tissue,  outside  the  perineunum>  which  holds  together  the  entire 
nerve,  we  term  epineimu^Tru 

" The  perineurium  of  tho  peripheral  nenes  we  found  to  con- 
sist of  a  number  of  thin  laminse  arranged  in  concentric  oi 
which  can  easily  be  separated,  and  which  here  and  there  arc 
connected  by  a  small  number  of  trabeculae.     These  lamiux  or 
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membranes  bear  some  resemblance  to  the  arachnoidal  mem- 
branulffi,  and  are  in  Eact  continuations  of  the  same.  Each 
perineural  naGmbrano,  in  onr  estimation,  is  composed  of  three 
strata;  its  outer  and  inner  surfaces  l>eing  each  covered  by  an 
exceedingly  delicate  celhilar  tissue,  with  an  intervening  fibril- 
lous  stratum  more  or  less  developed,  but  usually  only  very 
slightly  perceptible  "  (iL.  p.  68). 

**  Each  nervous  fascicle  surrounded  by  perineurium  is  distin- 
guished into  a  greater  or  lessor  number  of  sub-divisions.  These 
sub-divisions  are  caused  by  detached  perineural  membranes 
withdrawing  from  the  perineurium,  and  entering  into  the 
interior  of  the  nervous  fascicle,  sub-dividing  the  samo  at  first 
into  larger  divisions.  While  pursuing  their  way  in  this  manner, 
these  membranes  become  richer  in  fibrils,  than  they  were  while 
continuing  in  the  perineurium.  From  these  partition  walls, 
"which  consist  of  several  lamime,  one  membrane  after  another 
is  observed  to  turn  aside,  in  order  to  partition  off  and 
enclose  a  still  smaller  division  or  group  of  nerve-fibres  of  the 
fascicle.  The  blood-vessels,  after  penetrating  through  the  peri- 
neurium in  connection  with  these  endoneural  membranes,  make 
their  way  into  the  interior  of  the  fascicles.  These  vessels  are 
engirded  by  one  or  two  of  those  cellular  membranes  which 
abound  in  fibrils,  and  which  are  arranged  concentrically  around 
tlieir  sheaths"  (ii.,  p.  CD). 

"Outside  the  sheath  of  Schwann,  which  belongs  more  espe- 
oially  to  the  nerve-fibre  itself,  there  arc  obtained  by  teasing 
more  or  less  nuuierous,  delicate  fibrils  of  connective  tissue.  .  .  . 
In  successful  preparations  they  are  seen  arranged  around  the 
norvc-fibre  in  regular  order,  and  forming  a  membrane  which 
appears  more  or  less  distinctly  marked  with  streaks,  which  are 
due  to  fibrils.  These  fibrils  therefore  belong  to  an  outer  sheath 
which  encompasses  each  single  nerve-fibre  in  the  shape  of  an 
ample  tube  or  pipe.  These  fibrillous  sheaths^  however,  are  not 
independent  foiumtions,  but  like  the  other  fibrillous  membranes 
mentioned  above,  they  are  always  covered  by  membranous  cells  ; 
for  on  the  outer  side  of  this  fibrillous  sheath  there  are  always 
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nuclei  surrounded  by  a  small  protoplastic  zone  which  extends' 
into  the  thin  membranous  formation.  ...  An  injection,  passing 
from  the  perineurium,  between  the  endoneural  membranes,  into 
the  interior  of  the  nerve,  sometimes  enters  on  the  way  into  the 
interstices  between  the  fibrillous  sheaths  of  the  individual  nerve- 
fibres  ;  yet  without  remaining  confined  there,  it  penetrates  even 
into  the  interiors  of  these  fibrillous  sheaths,  thus  irrigating 
immediately  the  sheath  of  Schwann.  It  seems  most  highly 
probable  that  these  are  the  real  lymph-paths  or  lymph-spaces 
of  the  nerves ;  and  chat  each  nerve-fibre,  bathed  by  lymph  out- 
side of  the  sheath  of  Schwann,  or  rather  floating  in  it,  is  con- 
tained in  an  imperfectly  closed,  fibrillous  sheath.  Thence  there 
is  an  open  way  for  the  lymph  into  the  spaces  of  the  perineural 
sheaths;  and  through  their  mediation  it  communicates  with  the 
lymph-spaces  of  the  central  nervous  system  "  (ii.,  p.  71). 

"The  fibrillous  sheaths,  as  well  as  the  membranes  which 
enclose  the  groups  of  nerve-fibres  within  the  fascicles,  we  term 
^xdoneuriwm  "  (il,  p.  102). 

"  Immediately  to  the  outside  of  each  nervous  fascicle  is  the 
epinewWiMn.  It  consists  of  concentrically  arranged  fibrillous 
membranes  of  connective  tissue.  .  .  .  On  cither  side  these 
membranes  are  covered  by  a  layer  of  membranous  cells.  Under 
this  layer,  in  the  middle  between  it  and  the  fibrillous 
layer,  are  noticed  fine  elastic  fibres  in  greater  or  smaller 
numbers.  Not  unfre^uently  nuclei  uf  a  copious  collection  of 
protoplasms,  sometimes  extending  to  a  considerable  distance  in 
the  form  of  spindles,  are  seen  inserted  between  the  fibres; 
Those  membranes,  therefore,  are  distinguished  from  the  peri- 
neural membranes,  especially  by  the  greater  abundance  of 
fibrils  in  their  central  layer,  and  also  in  general  by  a  greater 
number  of  elastic  fibres.  They  are  foateucd  together,  although 
they  may  often  be  rolled  off  from  the  nerve-fascicle  in  layers. 
According  to  a  similar  principle  is  constructed  the  outormcct, 
more  robust  sheath  of  the  entire  nerva  which  encircles  all  the 
fascicles.  Its  interstices  are  filled  up  with  adipose  tiasae" 
(ii.pp.'^'   -^'^^ 
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The  following  points  are  proved  by  the  reaearcbea  of  Key 
and  Retzius: — 

^  1.  The  dura  mater,  the  arachnoidea,  and  the  sub-arachnoid 
tissue  are  continued  from  the  central  ners'ous  org:ius  into  the 
very  end-bulbs  of  every  single  nerve-fibre, 

S.  The  dura  mater  is  transformed  into  the  epineurium  of 
the  dcjmrting  nerves ;  and  the  arachnoidea,  together  with  the 
sub-ariLchnoid  tissue,  into  their  perineurium  and  eudonourium. 

3.  The  interstices  between  the  lamina  of  the  perineurium 
and  endoneurium  are  continuations  of  the  sub-arachnoid  space. 

704iB.  Injection  of  the  nerve-roots. — "In  our  earlier  papers 
we  have  shown  that,  from  the  sub-dural  space  of  the  brain  and 
spinal  cord,  a  liquid  passes  with  great  ease  between  the  dural 
and  arachnoidal  sheaths  as  far  as  the  ganglion,  and  we  have 
further  shown  that  from  the  respective  sub-arachnoidal  space  a 
liquid  pL'Uotmtes  within  the  arachnoidal  sheatli,  and  between 
the  fascicles  of  the  nerve-roota  as  far  as  the  ganglion.  After- 
wards both  liquids  enter  the  ganglion  itself.  On  injecting 
simultaueously  both  the  sub-dural  and  the  sub-arachnoid  spaces, 
the  respective  liquids  pursue  for  a  time  separate  paths.  In 
the  neighbourhood  of  the  ganglion,  however,  where  the  dural 
and  arachnoidal  sheaths  begin  to  be  more  and  more  counectod, 
the  paths  of  the  liquids  also  encounter  each  other  here  and 
there,  so  that  the  liquids  also  are  able  to  commingle ;  and 
in  the  interior  of  the  ganglion  they  encounter  one  another  still 
more.  Generally,  perhaps,  the  sub-dural  liquid  remains  within 
the  dural  sheath.  Usually  it  runs  also  between  its  several 
lamiDSB,  and  now  and  then  it  makes  its  way  between  the 
lamins  of  the  arachnoidea,  in  order  thus  to  got  into  the  interior 
of  the  little  trunk  of  the  root.  Ou  making  a  sub-arachnoidal 
injection,  the  injected  liquid  also  passes  easily  outaide  [the 
arachnoiflal  tracks].  Il  a  solution  of  asphaltum  in  chloroform 
be  used,  the  injection  in  this  case  passes  from  the  interstices 
between  the  lamina^  of  the  dura  proper  into  the  loose  tissue 
wherewith  the  root  of  the  nerve  is  invested  on  the  outside,  and 
there  it  spreads  in  many  ways  and  various  directions  between 
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its  laminae  and  trabeculse  as  well  as  in  its  adipose  tissue.  Never, 
however^  has  the  liquid  been  noticed  to  pass  over  into  the 
lymphatic  vessels  which  take  their  departure  thence.  In  the 
arachnoidal  sheath  also  the  liquid  pursues  its  way  between  the 
several  lamina;,  so  as  to  get  into  the  interior  of  the  small  nerve- 
tnmks.  From  the  laminse  of  the  arachnoidal  sheath,  and  from 
the  interior  of  the  small  trunks  of  the  root,  the  injected  liquid 
penetrates  here  and  there  easily  into  the  sub-dural  space  and 
into  the  laminae  of  the  dura  mater,  and  thence  farther  into  the 
.s|>aces  of  the  above-mentioned  adipose  tissue  wherewith  the 
nervous  root  is  engirded.  Nevertheless,  this  is  no  reason  why 
at  other  times  the  two  different  injections  should  not  remain 
confined  each  to  its  own  territory.  The  injection  pursues  its 
way  farther  in  the  direction  of  the  partitions  which  aru  let 
down  into  the  interior  of  the  small  nen'e-tninks,  between  its 
fascicles :  it  flows  there  between  their  lamiiin? ;  and  not  unfre- 
quently  does  it  penetrate  into  the  interior  of  the  fascicloa 
themselves,  diffusing  itself  there  between  the  separate  nerve- 
fibres,  so  that  each  of  the  fibres  floats  in  the  liquid.  If  an 
injection  be  made  into  the  root  by  puncture,  in  the  direction  of 
the  cord,  the  liquids  runs  some  distance  into  the  spinal  meflulla 
between  the  individual  nerve-fibres.  In  the  anterior  root  also 
the  injected  liquids  nm  for  some  distance  separately  in  the 
sub-^ural  and  .sub-arachnoidal  spaces  until  gradually  they 
become  more  and  more  commingled.  These  same  two  spaces, 
therefore,  which,  as  has  been  shown  elsewhere,  are  separated 
ID  the  central  organs,  communicate  with  one  another  in  the 
peripheral  canals  "  (ii.,  pp.  8,  9). 

7042/.  Injection  of  the  spinal  OA^'ouA. — "  In  our  descrip 
tion  of  the  nerve-roots — see  above,  no.  704«a3 — it  was  shown 
Uirough  what  channels  the  liquids,  injected  from  the  sub-dural 
and  sub-arachnoid  spaces,  reach  the  ganglia.  On  arriving 
there  they  either  spread  interiorly  through  the  outer  covering 
of  the  ganglia,  or  are  conveyed  into  the  interior  of  the  ganglia 
through  the  small  nerve-trunks.  Both  tracks  also  may  be 
injected  either  himultaneously,  or  only  one  at  a  time.     And 
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again  both  may  be  injected  either  from  the  sub-dural,  or  from 
the  8iib-arachnoidal  Bpace  alone.  Generally,  however,  aii  injection 
from  the  sub-dural  space  remains  more  on  the  surface  of  the 
ganglion,  whiloauother, which  ia  effected  from  the  sub-arachnoidal 
space,  penetrates  more  into  its  interior  Nevertheless,  liquids 
injected  from  either  of  these  places  commingle  in  the  ganglion, 
because  their  tracks  meet  there.  In  the  circumference  the 
injection  passes  all  around  the  ganglion  between  its  perineural 
laminie»  filling  up  the  interstitial  spaces  which  cohere  with  one 
another.  Afterwards^  as  in  the  case  of  the  very  liquid  solution 
of  asphaltum  in  chloroform,  the  injection  either  passes  outwards 
among  the  more  irregular  lamina?  of  the  epineurium  (wherewith 
the  perineurium  of  the  ganglion  is  lined  on  the  outside),  laminse 
of  which  are  attached  in  many  places  to  the  perineurium ;  or 
else  it  enters  the  endoneural  spaces  which  are  produced  into 
the  interior  of  the  ganglion,  and  which  ramify  more  and  more, 
until  at  last  the  liquid  penetrates  into  the  interstitial  tissue 
proper.  Here  it  spreads  through  the  fine  passages  and  spacoji 
of  the  tissue,  forming  in  all  directions  copious  finely-meshed 
nets  and  expanses,  which  communicate  with  one  another,  and 
which,  in  the  intervals  of  the  interstitial  tissue,  How  around  the 
capaulse  of  the  gangliouic  cells,  irrigating  the  same.  .  .  . 

"  The  injection,  which,  on  the  other  hand,  enters  the  ganglion 
through  the  small  nerve-trunks,  pursues  its  way  in  a  similar 
manner.  It  enters  the  ganglion  partly  between  the  laminated 
sheaths  of  the  small  nerve-trunks,  and  partly  in  the  interior 
between  the  fine  membranes  which  are  there,  or  in  the  spaces 
around  the  separate  nerve-fibres;  and  when  these  small  nerve- 
trunks  [in  the  interior  of  the  ganglion]  are  broken  up  into  smaller 
fascicles,  the  injected  liquid  passes,  with  these  fascicles,  into  the 
interstitial  tissue  of  the  ganglion,  filling  there  the  same  system 
of  copious  finely-meshed  passages  and  spaces  around  the 
capsida?  of  the  ganglionic  cells,  which  has  been  described 
above.  .  .  . 

"After  the  injection  from  the  sub-dural,  as  well  as  from  the 

sub-nrachnoid  spaces  has  penetrated  through  the  entire  substance 

2  a 
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of  the  ganglion,  filling  it  completely,  it  collects  again  at  the 
extreme  end  of  the  ganglion  around  the  circumference,  as  well 
as  in  the  interior  of  the  small  ncrve-tnink,  which  is  about  to 
depart;  it  enters  into  its  laminated  sheaths  and  into  their 
ititerior  productions,  or  spreads  around  the  individual  nerve- 
fibres.  In  this  wise  the  liquid  passes  into  the  peripheral 
nerve-trunks. 

"If,  instead  of  injecting  the  spinal  ganglia  from  the  sub- 
dural and  sub-arachnoid  spaces  of  the  spinal  cord,  an  injection 
is  made  into  them  by  puncture,  the  copious  lymphatic  spaces  in 
ihe  ganglia  are  filled  in  the  same  manner,  to  a  greater  or  less 
extent.  Nets  are  thereby  injected  in  the  interstitial  tissue, 
which  communicate  in  various  ways  with  one  another;  and  also 
the  passages  which  lead  into  the  spaces  around  the  ganglionic 
colls.  .  .  .  An  injection  made  by  puncture  spreads  also  from 
the  above  nets  into  the  spaces  between  the  finer,  endoneural 
laminiB,  and  thence  it  passes  into  larger  spaces  of  the  same 
kind,  until  at  last  it  is  continued  into  the  lamiuse  of  the 
perineurium.  The  injected  liquid  also  passes  between  the 
membranulae  of  the  small  nerve-trunks,  and  penetrates  into 
their  interior,  where  it  travels  either  in  a  central  direction 
towards  the  spinal  roots,  or  is  continued  in  a  peripheral  direction 
into  the  departing  nerve-trunks.  Here  it  circulates  either 
through  the  perineurium,  or  its  endoneural  productions,  or 
finally  it  pursues  its  way  in  the  spaces  around  the  separate 
nerve-fibres.  The  same  system  of  spaces  and  passages  is  thiis 
filled  by  injections  from  the  spinal  cord,  as  by  injections  mode 
by  puncture. 

"No  lymphatic  vessels  have  we  seen  departing  from  the 
ganglion ;  the  lymph-system  of  the  nerves,  consequently,  does 
not  stand  in  any  immediate  connection  with  the  lymphatic 
uptem  of  the  body;  but,  on  the  contrary,  it  is  connected  with 
the  largo  serous  spaces  of  the  spinal  cord  on  the  one  hand,  and 
with  the  lymph-paths  of  the  peripheral  nerve-trunks  on  the 
other"  (iL,  pp.  49,  50). 

704r  Injection  of  the  PKiuPUEnAL  sriNiU.  nerve.—"  It 
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has  been  repeatedly  stated  above  that,  in  making  injections 
from  the  sub-dural  and  sub-arachnoidai  spaces  of  the  central 
organs,  the  injected  mass  has  penetrated  into  the  peripheral 
nerve-trunks  beyond  the  ganglia,  nay,  that  even  under  a  low 
degree  of  pressure  it  Las  spread  far  beyond  into  the  ramifica- 
tions of  the  nerves.  On  examining  nerve-trunks,  injected  in 
this  manner  with  Richardson's  iiuid  from  the  serous  spaces  of 
the  central  organs,  especially  horizontal  sections  of  the  same,  it 
is  found  that  the  injected  mass  has  permeated  the  nerves  in  a 
somewhat  varied  manner.  As  a  rule,  it  made  its  way  chiefly 
through  the  circumferencG  of  the  individual  fascicles,  thus 
remaining  confined  to  the  'perinewriurm,.  On  making  a  more 
minute  examination,  however,  the  injected  mass  is  found 
deposited  between  the  lamime  of  the  perineurium,  the  blue 
liquid  having  separated  the  laminse  more  or  less  from  one 
another,  and  having  filled  the  interstitial  spaces  between  them 
to  a  greater  or  less  extent  Sometimes,  for  a  considerable 
distance,  the  liquid  has  continued  its  way  only  between  a  few, 
nay,  merely  between  two  of  the  laminas ;  at  other  times,  how- 
ever, and  indeed  frequently,  it  has  peu<;trated  between  several 
or  even  between  all  the  lamince  of  the  perineurium.  The  fact 
of  many  of  these  perineural  spaces  having  been  filled  simul- 
taneously proves  manifestly  that  these  spaces  communicate 
here  and  there.  The  perineurium  of  the  separate  nerve- 
fascicles  of  a  single  nerve-trunk  is  thus  more  or  less  filled  to  a 
great  distance  in  a  peripheral  direction.  Sometimes  only  a 
few  of  these  fascicles  are  injected  in  this  manner;  at  other 
times  more.  Should  then,  as  is  the  case  sometimes,  the  fascicles 
coalesce,  or  should  they  anastomose  by  branches,  the  liquid  is 
transferred  from  one  fascicle  to  the  other  through  the  peri- 
neurium of  the  anastomosing  branches.  If,  however,  the  fascicles 
become  divided,  the  liquid  continues  to  flow  through  the  peri- 
neurium of  the  several  branches. 

'*  An  injection,  made  from  the  serous  spaces  of  the  central 
nervous  organs,  usually  selects  by  preference  for  its  paths  those 
perineural  spaces,  which  are  the  direct  continuations  of  the 
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corresponding  spaces  of  the  cerebro-spinal  ganglia.  Still  the 
liquid  does  not  always  remain  confined  there.  On  the  contrary, 
it  spreads  thence  both  towards  the  circumference  and  towards 
the  interior  of  the  nerve.  In  the  former  case  it  continues  its 
way  between  the  cpineural  laminae,  filling  either  one  or  many 
of  the  epineural  spaces,  and  indeed  not  only  the  interior  onea 
which  are  more  concentrical,  but  also  those  which  are  situated 
nearer  to  the  circumference,  and  which  are  irregular.  A  con- 
fu.sed  network  of  injected  spaces  and  passages  results  thence, 
especially  in  those  places  where  several  fascicles  meet.  These 
epineural  spaces  are  connected,  in  the  direction  towards  the 
central  organs,  with  the  corresponding  epineural  spaces  of  the 
spinal  ganglia  Epineural  injections,  however,  are  more  frequent 
in  the  ganglia  than  in  the  nerve-trunks. 

"  The  liquid  often  enters  into  the  interior  of  the  fascicle  in 
such  a  way,  that  in  those  places  where  the  endoneural  lamiu» 
are  directed  outwards,  it  abandons  the  perineural  spaces  and 
passes  into  those  of  the  endoneurium.  In  doing  so  it  usually 
becomes  more  or  less  diffused  through  the  interior  parts  of  the 
fascicles.  At  first  it  chiefly  remains  between  the  endoneural 
lamina?  which  are  subdivided  more  ami  more,  and  in  this  wise 
it  bathes  the  various  groups  of  nervous  fibres.  The  injected 
liquid,  however,  does  not  always  remain  confined  in  the  endo- 
neural spaces,  but  here  and  there  it  enters  into  the  very  groups 
t>f  the  nervous  fibres.  A  peculiarity  is  noticed  here,  for  the 
liquid  does  not  remain  iu  the  spaces  outside  the  fibriljous 
sheaths,  nor  does  it  simply  pierce  these  sheaths,  but  it  fills  the 
entire  space  both  within  and  outside  of  these  fibritlous  sheaths 
as  far  as  the  sheaths  of  Schwann.  In  inspecting  a  borizontai 
section  of  a  nerve  injected  in  this  manner,  the  entire  tissue 
appears  filled  with  the  liquid  in  the  injected  places,  which  thus 
have  the  appearance  of  a  mass  dyed  with  the  blue  liquid  of 
Richardson.  In  this  blue  mass  the  nervous  fibres,  surrounded 
by  the  sheaths  of  Schwann,  form  a  more  or  loss  crowded 
assemblage  of  small  white  islands.  As  the  fibrillous  sheaths 
uovor  form  a  boundary-liue  against  an  injection,  it  is  plain,  as 
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was  observed  above,  that  they  do  not  present  an  impenetrable 
barrier,  but  that  they  are  perforated  in  many  places,  thus 
affording  a  passage  for  liquids.  The  sheaths  of  Schwann, 
however,  always  keep  off  au  injected  mass,  for  we  have  never 
observed  it  in  the  interior  of  a  nervous  fibre.  The  groups  of 
nervous  fibres  are  thus  so  circuuistanced  that  they  may  be 
permeated  more  or  less  copiously  by  the  blue  liquid  which 
at  one  time  aficcts  more  the  central  part  of  a  fascicle,  and  at 
another  keeps  more  in  its  circumference.  On  making  a  longi- 
tudinal section  of  an  injected  nerve,  it  appears  that  the  injected 
mass  is  not  introduced  between  the  groups  of  fibres  in  a  fascicle 
in  the  form  of  a  reticular  arrangement  of  meshes,  but  that  it 
fills  all  the  spaces  between  the  fibres  throughout  the  whole 
length  of  the  nerve  "  (il,  pp.  109,  1 10). 

"In  order  to  test  the  results  obtained  by  injections  made 
from  the  serous  spaces  of  the  central  organs  in  the  brain  and 
spinal  cord,  we  made  a  great  number  of  injections  into  the 
nerves  by  puncture,  using  for  this  purpose  the  liquid  of 
Richardson,  us  well  as  a  solution  of  asphaltum  in  chloroform. 
The  same  B|)aces  were  filled  by  this  method  of  injection,  as  were 
filled  also  by  the  former  method"  (ii.,  p.  111). 

Concerning  the  injection  of  ceuekral  nerves,  our  authors 
state  that  in  the  beginning  of  their  formation  they  present  a 
structural  difference  from  the  spinal  nerves;  but  that  the 
lymph-paths,  in  either  case,  are  the  same.  They  say,  '*  Ou 
leaving  the  cranial  cavity  the  cerebral  nerve-roots  are  furnished 
with  a  dural  and  au  arachnoid  sheath,  which  presently  pass 
over  into  epineurium,  perineurium,  and  eudoneurtum.  In  the 
case  of  the  cerebral  nerves  also,  a  liquid,  injected  from  the  sub- 
dural, as  well  as  from  the  sub-arachnoid  spaces,  runs  out  in  a 
peripheral  direction.  The  individual  nervous  fibres  of  the 
cerebral  nerves  are  constructed  according  to  the  same  plan  as 
the  spinal  nerves  **  (ii.,  p.  9). 

70400,  Waldeyer.^ — "  Although    four    years    have   passed 

'  Waldeyer  (Prof.  \V.  m  Stnusburg).  "  Beitriige  &ur  Keiuitniu  der  Lymph- 
l>«hi)eD  lies  Central'NervetiKyalemd."  Jo  " Arcbiv  fur  Mikrvekcpisclie 
AnAtotaie."     VuL  XVU.     UouD,  1880. 
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since  the  appearance  of  the  Tolominoos  work  of  A.  Key  and  O. 
Betzius,  entitled :  '  Studien/  etc,  no  one,  it  seems,  has  hitherto 
tested  thoroughly  the  results  which  are  there  hiid  down; 
although  they  are  in  part  of  the  greatest  importance,  and  a  few 
are  downright  surprising.  I  therefore  induced  Dr.  Fr.  Fischer, 
second  assistant  of  the  Institute  in  this  University,  to  undertake 
this  work.  About  sixty  bodies  of  human  beings  and  animals 
were  employed  for  this  purpose"  (p.  362).  Respecting  the 
method  followed,  Pro£  Waldeyer  says,  that  '*in  all  essential 
matters  it  was  identical  with  that  foUowed  by  A.  Key  and  G. 
Retzius."  The  outcome,  however,  of  this  test-examination,  as 
stated  by  the  Professor  on  p.  366  is,  "  The  beautiful  results  of 
the  Stockholm  authors  were  fully  confirmed,  and  in  a  few  points 
supplemented  by  Dr.  Fischer's  experimenta" 


705.  The   fourth  ventricle,  which,  by  some  of  our  modern 

anatomists,  is  made  of  no  account,  or  deemed  of  only  slight 
importance,  but  which,  by  the  old  anatomists,  was  esteemed 
most  highly,  with  Varolius  deserves  to  be  called  the  chiefest 
ventricle,  with  Aurantius  a  cistern  of  spirits;  and  Galen  was 
fully  justified  in  declaring  that  "it  possesses  a  matter  of 
considerable  forces  and  faculties ; "  for  thence,  as  from  a 
principal,  mediating  cause,  comes  the  power,  as  well  as  the 
exertive  force  of  the  motions  of  the  whole  eucephalon,  that  is, 
of  the  cerebellum,  medulla  oblongata,  spinal  marrow,  and,  by 
connection  therewith,  also  of  the  cerebrum  and  its  chymical 
organs.  Thence  also,  the  spirituous  lymph  [the  cerebro-spinal 
liquid]  is  dispensed  almost  throughout  the  whole  nervous 
system.  Should  this  cavity,  therefore,  happen  to  be  cut,  the 
patient  would  at  once  be  consigned  to  a  certain  and  speedy 
death,  which  is  also  proved  by  experience,  a  needle  having  been 
passed  through  it  as  an  experiment.'  This  ventricle.  Like  the 
upper  ones  of  the  cerebrum,  has  its  periodical  movements  of 
expansion  and  constriction,  whereby  it  imparts  to  the  members, 
with  which  it  is  connected,  and  which  are  subject  to  it,  the 
power  of  exercising  their  vital  motions, 

706.  The  cerebellum  derives  thence  the  power  of  its  motion, 
that  is,  its  power  of  expansion  and  constriction ;  for  unless  its 


'  This  ia  fully  Agreed  to  by  modem  •cience,  only  it  U  eicpressed  differently. 
Thoa  modem  experimenten  deoUre  that  a  pigeon,  hen,  or  gataea-pig  vriU  bear 
the  removal  of  the  greater  part  of  their  cerebeUum,  provided  yon  do  not 
meddle  wiili  the  medulla  obl<iugat»  underneath.  But  aa  aoon  as  the  medulla 
ia  wounded — or  a«  our  author  would  aay,  aa  soon  as  the  fourth  ventricle  u 
violated— a  certain  death  ensues.  For  the  medulla  oblongata  cannot  be 
reached  without  6nt  pouing  through  the  fourth  ventricle. — Kditom. 
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Toedullary  stemB  were  attached  to  a  cavity,  or  implanted  in  a 
soil  capable  of  yielding,  of  being  drawn  apart  and  contracted, 
whenever  they  stretch  themselves  and  relax  again,  neither  the 
interior  medullar}',  nor  consequently  the  cortical  grey  substance, 
and  hence  the  circular  strata  and  segments  of  the  cerebellum 
could  be  unfolded :  for  the  outermost  parts  must  conspire  with  the 
middle  in  the  production  of  the  same  effect.  But  if  the  medullary 
stems  and  trunk  are  unable  to  stretch  and  contract  themselves, 
their  three  processes  or  peduncles,  and  consequently  the  fibres, 
nervous  roots  and  nerves  proceeding  thence,  cannot  enter  upon 
their  corresponding  periodical  movements.  The  machine  of 
life,  that  is,  the  cerebellum,  would  then  stop  in  its  first  thresh- 
old, and  would  labour  under  an  impotence  of  action.  The 
vermiform  process  also  would  be  incapable  of  unfolding,  by 
alternate  motions,  \\a  furrows  and  knotted  folds;  for  this  process 
presses  against  and  rubs  the  central  rima  of  this  ventricle  from 
the  valve  of  Vieussens  ;  so  that  these  parts  must  all  necessarily 
tend  towards  and  flow  into  the  same  determination  of  motion. 

707.  Thence  the  medulla  oblongata  also  derives  the  power  of 
its  motion ;  for  this  organ  encompitfises  and  closes  up  this 
ventricle  on  all  side&  The  pons  Varolii,  and  the  corpora 
pyramidaliaand  olivaria  press  against  and  constitute  the  bottom 
both  of  the  ventricle  and  the  calamus  scriptorius.  The  first 
process  of  the  cerebellum  towanls  the  corpora  quadngeniina, 
together  with  the  posterior  prolongation  of  the  cerebrum, 
constitute  its  edges,  and  together  with  the  rest  form  ite  walls; 
and  the  third  princess  of  the  cereW^lUnn  towards  the  spinal 
marrow  flows  down  along  its  aides.  All  these  parts,  and  at  tJie 
same  time  the  primitive  fibres  and  the  roots  of  the  nerves, 
originating  therefrom,  unless  provided  with  a  cavity  capable  of 
being  distended,  and  of  undergoing  its  alteruate  isLateA  of 
expansion  and  relaxatioD,  would  be  deprived  of  their  ability  of 
unfolding,  and  of  fulfilling  their  uutnberle&a  bodily  and  animal 
functions:  wherefore  that  auxiliary  and  mediating  organ,  thai 
is,  the  medulla  oblongata,  would  be  stagnated  by  a  deadly 
inactivity  and  waste;  it  would  grow  torpid,  and  would  lie  there 
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shunDed  by  the  remainiDg  parts.  In  order,  therefore,  that  the 
simple  Bs  well  as  the  compound  nervous  roots  may  institute 
their  local  reciprocal  motions  in  a  becoming  manner,  they  all 
have  their  places  allotted  to  them  in  the  most  regular  order 
around  this  cistern,  that  is,  anjui»d  its  floor  and  walls;  and  thus, 
having  received  their  determination,  they  iiow  in  such  a  way 
that  into  each  nervous  root  action  results  thence  according  to 
every  disposition  of  things,  in  the  middle,  and  also  according  to 
use  in  the  circumference.  This  appears  most  manifestly  from 
the  Hbres  of  the  fifth,  sixth,  seventh,  eiglith  and  ninth  pairs  of 
nerves,  which  all  in  an  appropriate  manner  cither  apply  them- 
selves to  this  ventricle,  or  cross  it  transversely,  and  in  its 
neighbourhood,  and  nn<ier  its  base,  nnite  and  fold  themselves 
together  in  a  suitable  manner.  On  this  account  this  noble 
ventricle  is  as  it  were  a  balance-wheel  and  regulator  of  the 
motion,  not  only  of  the  medullary  caudex.  but  also  of  the  roots 
of  the  nerves,  entire  phalanxes  of  which  burst  out  iu  this 
neigh  bou  rhoood. 

708.  The  spinal  marrow,  in  like  manner,  would  not  possess  the 
power  of  raising  itself,  unless  a  cavity  were  prefixed  to  it  within 
the  very  cranial  cavity  itself.  For  the  spinal  marrow,  just  like 
the  medulla  of  the  head,  of  which  it  is  an  immediate  continua- 
tion, alternately  expands  and  constricts  itself;  since  in  addition 
to  the  extraneous  fibres  of  the  cerebrum,  cerebellum  and  medulla 
oblongata,  it  is  also  furnished  with  its  own  fibres  from  an  abun- 
dant supply  of  expansible  cortex  or  grey  matter  within  its  own 
limits.  Its  power  of  expansion,  or  rather  of  extension  and  con- 
traction, namely,  iu  its  posterior  surface,  depends,  a.s  upon  a 
certain  regulating  lever,  upon  the  intumescence  and  subsidence 
of  this  ventricle,  or  upon  its  capacity  of  yielding ;  otherwise  thia 
spinal  cylinder,  that  is,  the  medullary  shaft  enclosed  within  the 
vertobrte  would  in  vain  strive  to  stimulate  its  numerous  forces  into 
action.  And  the  same  would  be  the  case  with  the  nerves  which 
start  from  the  spinal  marrow  on  their  way  into  the  provinces  of 
the  body.  In  order  that  this  vertebral  medulla,  and  the  grey 
jtanco  enclosed  within  it.  may  enjoy  the  full  power  of  relax- 
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ing  their  constituent  parts  {t.&Y%)  in  an  appropriate  manner,  its 
posterior  surface  is  not  attached  closely  to  the  foramen  magnutn ; 
and  fibres,  both  of  the  cerebrum  and  cerebellum,  press  into  it 
in  crowds,  and  on  their  passage  thither  apply  themselves  to  the 
wedge-like  planes  and  walls  of  the  fourth  ventricle. 

709.  Besides,  the  expansile  and  constrictile  motion  of  the 
medulla  oblongata,  which  is  continued  even  into  the  spinal 
marrow,  by  the  regulating  action  of  this  ventricle,  is  directed 
and  transferred  from  the  front  to  the  rear  of  this  organ ;  and 
indeed  for  this  reason,  lest  the  roots  of  the  nerves,  by  the 
elevation  of  the  soil  nearest  to  them,  should  be  displaced  and 
disturbed,  as  will  be  confirmed  in  the  following  chapters  treating 
of  the  pons  Varolii,  the  corpora  pyramidalia,  and  tlie  spinal 
marrow.  This  appears  not  only  from  the  inflection  of  very 
many  fibres  in  an  antero-posterior  direction,  but  also  from  the 
fact  of  the  ventricle  itself  being  established  in  this  portion  of 
the  caudex,  which  is  more  capable  of  expansion  than  its  other, 
that  is,  its  anterior  division.  On  this  account  also  we  attribute 
to  this  ventricle  the  regulation  of  motion. 

710.  Yet  not  the  cerebellum,  medulla  oblongata,  and  spinal 
marrow  alone  are  affected,  but  the  cerebrum  also  carries  on  its 
motions,  and  especially  the  chymical  organs  of  its  laboratory 
accomplish  their  operations  in  harmony  with  this  ventricle,  for 
without  the  service  and  auxiliary  function  of  this  ventricle  the 
cerebrum  and  its  members  would  soon  be  seized  as  it  were  with 
a  swoon,  and  would  cease  to  act;  because  there  is  a  continaal 
nexus  of  all  things,  and  indeed  a  certain  chain  and  seriL'S  from 
first  to  last  things  through  the  middle.  If,  therefore,  either  the 
cerebellum,  or  the  medulla  oblongata,  or  the  spinal  marrow,  or 
ingoing  still  farther,  the  lungs  or  the  heATt  were  struck  with  an 
inability  of  action,  a  similar  effect  would  at  once  be  communi- 
cated to  the  cerebrum.  The  cerebellum  is  so  connected  with 
its  cerebrum  as  to  expect  from  it  a  government  and  an  altemato 
motion  akin  to  its  own.  In  the  medulla  oblongata,  the  fibre  of 
the  cerebnim  reigns  equally  with  that  of  the  cerebelhim ; 
likewise  in  the  spinal  marrow  ;  and  the  fibre  of  the  cerebrum 
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rhich  comes  from  its  front  part,  descends  into  the  medulla  of 
the  neck  and  of  the  back  through  the  pons  Varolii,  in  the 
closest  proximity  to  the  bottom,  and  the  walls  of  this  vontricle, 
while  that  which  comes  from  its  crown  flows  down  the  same 
way,  through  the  isthmus,  close  to  the  edges  of  this  veutricia 
If,  therefore,  the  alteniate  and  reciprocal  action  of  the  ventricle 
should  cease,  that  of  the  fibre,  and  consequently,  that  of  the 
cerebrum  itself  would  cease ;  for  in  order  that  the  cortex  may 
possess  mobility  in  itself,  it  must  have  motion  and  action  in  the 
middle  parts  and  in  the  extreme  or  end ;  because  in  its  ex- 
treme or  end  resides  the  active  force  of  its  power,  which  must 
act  the  part  of  one  and  the  same  cause,  in  order  that  the 
cerebrum  may  have  the  power  of  motion. 

711.  The  proximate  cause  why  the  organs  or  members  of  the 
large  gland  of  the  cerebrum  would  cease  to  act,  if  this  ventricle 
should  remain  inactive,  is  as  follows : — The  fourth  ventricle  and 
the  aqueduct  of  Sylvius  are  like  a  pair  of  scales,  the  vertical 
beam  of  which  is  the  valve  of  Vieussens  ;  for  as  soon  as  one  of 
them  rises,  the  other  is  as  it  were  pressed  down,  since  one  acts 
upon  the  other  through  the  medium  of  the  valve,  because  their 
motions  alternate.  The  moisture,  which  is  injected  into  the 
aqueduct,  presses  against  the  valve,  and  bends  and  bulges  it  out 
in  the  direction  of  the  upper  and  hence  widest  part  of  the 
fourth  ventricle;  but  when  the  ventricle  swells  reciprocally 
and  exerts  a  pressure,  then  the  valve  is  driven  into  the  aque- 
duct, and  closes  it  up  almost  completely,  urging  its  lymph 
through  the  foramen  under  the  pineal  gland  into  the  third 
ventricle,  and  vice  versa.  This  valve,  great  in  use,  but  small 
in  size,  not  only  closes  up  in  this  manner  the  approaches,  and 
Bhuta  the  door  tightly,  lest  any  liquid  of  the  cerebrum  should 
flow  into  the  fourth  ventricle, and  t^ic*  versa)  but  it  is  also  like 
the  tongue  of  a  pair  of  balances,  like  the  pivotal  point  of  a  sec- 
Baw,  or  like  an  axis  which  is  moved  around  by  a  wheel ;  where- 
fore it  is  also  of  a  delicate  structure,  pliable,  medullary,  the  grey 
substance  with  which  it  is  interspersed  co-operating  with  it. 
It  is  covered  on  all  sides  with  a  thiu  membrane  which  is  con- 
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tinued  into  the  fourth  ventricle  on  the  one  hand,  and  into  the 
aqueduct  on  the  other,  so  as  to  apply  itself  to  both ;  it  rests 
obliquely  or  lies  in  a  declivitous  position,  being  attached  to  a 
certain  process  of  the  corpora  quadrigemina,  and  to  fibres  sent 
out  from  the  fornix  as  to  a  frceiiulum,  or  as  to  the  pole  of  a 
waggon,  and  likewise  to  the  extremity  of  the  vermiform  process ; 
perchance  also  to  the  fibres  of  the  first  process  of  the  cerebellum 
towards  the  corpora  quadrigemina.  In  this  wise  it  is  fastened 
to  the  fibres  of  the  cerebrum,  as  well  aa  to  those  of  the  cere- 
bellum, accommodating  itself  to  either  part  It  also  remains 
secure ;  for  it  occupies  a  middle  and  central  position,  like  the 
tongue  of  a  pair  of  scales,  and  guards  the  equilibrium ;  and  in 
addition  it  is  protected  by  the  vaults  and  walls  of  both  cavities 
which  rise  up  against  it.  and  to  which  it  applies  itself,  when 
pushed  inwards.  Its  delicate  structure  and  small  size  answer 
completely  to  the  measure  and  force  of  the  acting  lymph ;  just 
as  the  semi-lunar  valves  of  the  heart  correspond  to  the  impulse 
of  the  sanguineous  stream.  It  follows  thence  that  without  the 
reciprocal  action  of  the  fourth  ventricle,  and  without  its  action 
upon  the  valve  of  Vieussens,  and  through  the  valve  upon  the 
aqueduct,  the  third  ventricle  would  remain  emptied  and  un- 
supplied  with  its  desired  lymph;  and  consequently  also  the 
lateral  ventricles,  the  pineal  gland,  the  infundibulura  and  the 
pituitary  gland,  and  thus  the  organs  and  members  of  the 
chymical  labomtoty. 

712.  This  fourth  ventricle,  on  account  of  the  actuality  of 
motion  which  it  secures  for  the  circumjacent  members  of  the 
cncephalon,  supplies  also  a  noble  and  most  highly  gifted  juice 
impregnated  with  spirit  to  the  roots  of  the  nerves,  and  hands  it 
over  for  distribution  to  the  medulla  oblongata,  and  especially 
to  the  spiual  marrow.  This  choicest  serum  and  defecated 
lymph,  which  is  expressed  from  the  tender  shoots  and  villi  of 
the  vertebral  artery  between  the  laminae  and  inmost  folds  of 
the  cerebellum,  and  which  enters  thenco  into  the  fibrillous 
interstices  of  its  medulla,  cannot  escape  or  be  discharged  bv 
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subjacent  ventricle,  or  into  that  cavitj  which  is  intercepted 
and  closed  up  by  the  peduncles ;  for  there  is  no  other  egress. 
Such  also  is  the  ciise  with  that  moisture  which  does  not  pene- 
trate the  arborescent  growth  of  the  cerebellum,  but  passes 
through  the  folds  under  the  pia  mater,  and  through  the 
duplicaturos  of  the  same,  and  which  pursues  its  course  until  it 
finds  an  exit  This  humour  also  cannot  shower  down  anywhere 
else  than  under  the  membrane  whereby  the  peduncles  are  lined, 
and  through  the  vermiform  process  where  this  same  membrane 
is  attached  to  the  valve  of  Vieussena  For  the  arterial  blood 
may.  indeed,  enter  into  the  interior  recesses  of  the  cerebellum, 
but  its  coarser  part  only  is  allowed  to  flow  back  into  veins. 
Inasmuch  as  this  ventricle  cannot  absorb  the  whole  of  that 
noble  moisture  which  is  collected  in  the  whole  medullary 
substance  of  the  cerebellum,  and  in  its  laminated  surface,  it 
is  pumped  out  by  its  alternate  motion.  The  modus  operandi, 
by  which  it  accomplishes  this  result,  appears  also  clearly  from 
the  way  in  which  the  peduucles,  namely,  their  medullary 
portion,  is  irradicatcd  or  inrooted,  and  by  which  the  enclosing 
membrane  or  outer  covering  is  inserted  in  the  edges  of  this 
cistern.  That  most  refined  lymph  which  is  propelled  through 
the  reticular  plexuses  of  the  medulla  of  both  brains,  and 
through  the  interstices  and  pores  of  the  nerves  of  the  body,  is 
not  the  animal  spirit  itself,  but  it  is  impregnated  with  spirit ; 
as  is  the  case  generally  with  the  lymph  of  the  conglobate  or 
lymphatic  glands  and  of  the  thoracic  duct,  which  upon  being 
evaporatefl  hy  fin?  doeii  not  leave  any  residuum  behind.  That 
such  a  lymph  percolates  through  the  interstices  of  the  fibres,  or 
passes  between  the  fasciculated  nerves,  and  that  without  such 
a  lubricating  liquid  neither  the  fibres,  nor  the  spirits  of  the 
fibres  are  able  to  execute  their  behests,  but  would  speedily 
coalesce  into  a  solid  and  inert  mass,  wilt  be  demonstrated  by 
experimental  proofs  in  Part  IL,  Chapter  iL,  which  treats  con- 
cerning the  medullary  fibre  of  the  brain,  and  the  nervous  fibre 
of  the  body, 

713.  The  lymph,  which,  by  the  medullary  stems,  is  conveyed 
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into  this  cistern,  out  of  every  cleft  of  the  cerebelhiin,  and  out  of 
the  medullary  branches  of  its  arborescent  organism,  must  needs 
be  most  refined  and  of  a  spirituous  nature,  and  it  cannot  be  a 
pituitous  humour  or  feculent  liquid,  such  as  is  found  between 
the  meninges,  and  sometimes  in  the  anfractuous  folds  of  the 
cerelmam.  For  the  cerebellum  goes  through  its  alternate 
motions  with  constancy  and  tranquillity,  in  deep  silence  and 
with  an  ever-serene  complexion.  The  cerebrum,  on  the  other 
iiand,  very  often  displays  in  its  motion  inconstancy,  impetuosity, 
and  again  inactivity,  wherefore  a  grosser  species  of  lymph  ia 
excreted  there.  The  cerebellum  also  sends  off  the  feculent  por- 
tion of  the  serum  into  its  larger-sized  veins,  and  presently  into 
the  straight  sinus.  This  most  refined  lymph  of  the  cerebellum 
is  soon  joined  by  a  lymph,  endowed  with  fresh  spirit  from  the 
choroid  plexus,  which  lines  both  sides  of  the  ventricle,  and  both 
of  which  portions  intercommunicate  by  anastomoses.  This 
plexus  also  serves  to  show  that  the  same  kind  of  lymph  is 
instilled  into  this  cistern,  as  into  the  lateral  ventricles  of  the 
cerebrum ;  since  its  texture  is  similar,  and  it  is  interspersed 
with  similar  glands.  On  this  account  also  the  cerebellum  seems 
to  represent  a  gland,  and  indeed  the  chiefest  among  the  con- 
globate or  lymphatic  glands;  for  through  emissary  ducts  or 
peduncles  it  excretes  a  juice  into  a  cavity,  that  ia,  into  the 
fourth  ventricle,  and  thereby  provides  for  the  subjacent  roots  of 
the  nerves,  while  the  gland  of  the  cerebrum  cares  for  the  mass 
of  the  blood ;  wherefore,  since  the  two  brains  differ  iu  use,  they 
differ  also  in  structure.  It  seems,  however,  that  tho  above 
cavity  ought  not  to  bo  called  with  Aurantius  a  cistern  of  spirits, 
but  the  cistern  of  a  spirituous  lymph  ;  for  no  fibre,  conveying  the 
genuine  spirit,  empties  into  it. 

714.  In  resjK^ct  to  the  excretory  duct  of  this  lymph,  it  has, 
indeed,  no  outwardly  visible  duct  of  tliis  kind,  as  is  the  case 
with  the  cavities  of  all  tho  other  glands.  But  from  the  fact  of 
the  connection  of  this  ventricle  with  the  double  lamina  of  the 
pin  mater  being  Interrupted  by  clefrs,  it  appears  that  this  lymph 
is  expressed  and  ixcretcJ   bt-twi'L^u   the   duplicature,  that  ia, 
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between  the  pia  mater  and  the  arachnoid  membrane ;  for  the 
iDterior  lamina  of  the  pia  mater,  i.e.,  the  pia  proper,  invests  the 
ventricle   itself,  while  the  exterior  lamina,  [the   arachnoidea,] 
passes  around  over  it ;  and  the  duplicature  appears  remarkably 
thickset    or   crowded    around   the   terminus   of    the    calamus 
Bcriptorius,  so    that,   according    to    Ridley's    observation,    in 
dropsical  subjects  it  is  found  turgid  with  serum.     It  follows 
thence  that  the  lymph  of  this  cistern,  and  of  the  choroid  plexus, 
is  discharged  into  the  duplicature  between  the  pia  mater  and 
the  arachnoid  membrane,  and  that  thence,  through  the  con- 
tinuous and  customary  ducts  and   follicles  of  the   arachnoid 
membrane,  it  is  derived  especially  into  the  posterior  part  of  the 
medulla  oblongata,  where  that  membrane  floats  about  quite 
thickly  and  loosely,  and  is  thus  distributed  into  every  one  of  the 
roots  of  the  nerves,  or  into  the  interstices  of  the  fibres,  as  will 
be  proved  in  Part  IL,  in  Chapter  iii.,  where  this  membrane  is 
treated  of.     For  the  arachnoid  membrane  is  nothing  else  than 
a  perpetual  lymphatic  duct,  distributing  this  refined  juice  into 
the  reticular  tissues  of  the  medullary  fibres,  and  thence  into 
the  interstices  of  the  nervous  fibres.     Whether  there  are  still 
other  channels  for  the  discharge  of  the  lymph,  namely,  whether 
such  a  channel  opens  immediately  from  the  calamus  scriptorius 
into  the  medullary  portion  of  tlie  spinal  marrow,  to  my  know- 
ledge has  not  yet  been  discovered.     For  this  purpose  the  fourth 
ventricle  is  contracted  into  the  narrow  form  of  a  goose-quill; 
and  for  this  purpose  also  there  are  present  in  infants,  at  either 
side  of  the  calamus  scriptorius,  two  olivary  protuberances. 

715.  We  are  also  obliged  to  discuss  a  little  the  cause  and 
mode  in  which  this  vuntriclc  is  expanded  and  constricted. 
Ocular  inspection  teaches  us  that  the  medullary  stems  of  the 
cerebellum  are  inserted  on  both  sidcK  in  the  edges  of  this  cavity, 
and  that,  like  the  roots  of  a  tree  fastL-ned  into  the  ground,  they 
embrace  the  ventriole  in  the  middle  in  such  a  manner  tbac 
underneath  them,  as  under  a  ceiling,  they  form  a  crypt  of  equal 
breadth  and  length.  It  follows  thence,  that  from  the  thrusting 
forth  and  drawing  back  of  these  peduncleSj  there  results,  as 
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from  their  efficient  cause,  the  dilatation  and  constriction  of  this 
cavity.  It  appears  thence  that  this  ventricle  is  widened  and 
spread  apart  in  its  middle  when  the  supcrincumbout  peduncles 
stretch  thcmsolves,  and  jmur  themselves  out  on  oil  sides;  but 
that  the  reverse  happens  when  they  draw  themselves  back. 
The  diastole  of  this  cavity  accordingly  happens,  when  the 
cerebellum  stretches  out  its  fibres,  that  is,  when  the  cerebellum 
expands  itself;  but  under  a  reverse  condition  the  fourth 
ventricle  has  its  systole.  The  very  way  in  which  this  cavity 
runs,  or  in  which  it  is  notched,  shows  that  its  edges  are  unfolded 
and  its  floor  cast  up  by  the  opposite  medulla,  i.e.,  the  pons 
Varolii,  during  that  time  [that  is,  during  the  diastole  of  the 
ventricle].  But  when  the  ventricle  is  thus  constricted  [or 
flattened  out  by  the  elevation  of  its  floors],  the  enclosed  lymph 
is  driven  out  from  its  middle  towards  its  extremities  on  either 
side,  namely,  against  the  valve  of  Vioussens  which  is  above, 
as  well  as  into  the  calamus  scriptorius  below ;  and  thus  it  is 
expressed  into  the  above-named  duplicature  [in  the  telft 
choroidea  inferior].  When  the  lymph  at  such  time  impinges 
against  the  valve  of  Vicussens,  the  aqueduct  of  Sylvius,  which 
is  underneath  the  corpora  quadrigemina,  is  compressed  and 
emptied,  and  %Act  vei'sa,  so  that  the  periods  alternate.  It  was 
shown  above  that  the  aqueduct  is  filled  and  swollen  when  the 
lateral  ventricles  and  the  third  ventricle  are  constricted,  which 
happens  when  the  cerebrum  and  cerebellum,  and  also  the  fourth 
ventricle  are  expanded.  Thus  this  latter  ventricle  alternates 
with  the  aqueduct  in  its  motions,  as  has  been  maintained 
above. 


APPENDIX    TO    CHAPTER    XXVI. 

I.    FROM  AN  EARLIER  WORK  ON  THE  BRAIN.» 
a.  The  Fourth  Vestricle  and  the  Cerebellar  LfQuw. 


lloa.  ARorTMEXT.  —  The  fourth  ventricle  and  calamus 
scriptoriiia,  like  the  remaining  ventricles,  is  opened  and  con- 
stricted in  alternate  periods,  yet  in  a  peculiar  maner.  Without 
it  the  cerebellum  could  not  cany  on  the  movements  of  its 
animation,  nor  could  the  spinal  cord  undergo  the  changes  of  its 
motion  together  with  the  cerebellum.  The  fourth  ventricle 
seema  to  receive  in  its  bosom  that  spirituous  liquid  which  the 
cerebellum  breathes  out  between  the  two  laminie  of  its  pia 
mater  in  the  clirection  of  the  vermiform  processes,  and  which  it 
exudes  at  the  same  time  out  of  its  medullary  substance  near 
the  place  where  its  stems  and  trunk  are  divided  into  processes 
or  peduncles.  It  seems  also  to  express  this  liquid,  through  a 
cleft  directed  upwards  between  the  pia  and  dura  mater,  and 
theuce  into  the  spinal  cord,  in  order  that  there  it  may  make 
its  way  into  the  roots  of  the  nervea  To  this  liquid  the  fourth 
ventricle  adds  its  own  dew,  which  is  distilled  out  of  the  choroid 
plexus.  This  ventricle  also  is  subservient  to  roota  of  the 
facial,  auditory  and  hypoglossal  nerves,  so  that  by  a  living 
action  they  may  suitably  act  upon  the  muscles  which  they 
approach. 

7\hb.  The  fouiih  ventricle  and  calamus  aoriptorivs,  lika 
the  rtmaining  ventricles,  ia  opcTied  and  constricted  in 
alternate  pe^'ioda.  This  we  infer  not  only  from  the  fact  of  its 
being  called  a  ventricle,  and  being  hollow,  but  because  it  is 

'  Cod«x  <>5.  M  rnprmlnood  is  Volume  IV.  of  the  Pliotolithographed  MSS.  of 
SweUcutwrg,  [ip.  3;U-38;. 
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sutTouuded  on  all  sides  bj  those  parts  wbich  expend  upon  it 
the  force  of  their  action ;  as  by  the  cerobelhim  with  its  medullary 
stems  aud  trunk,  which  are  cleft  into  processes  over  its  cavity, 
and  applied  in  such  a  manner  that  the  fourth  ventricle  is 
necessarily  opened  by  the  respiring  cerebellum  as  it  acts  ujwjn 
its  nerves.  It  may  be  inferred  also  from  the  verraiforra  process, 
which  is  divided  into  ridges  and  gyres,  and  which,  from  the 
valve  of  Vieussens  downwards,  applies  itself  to  the  ventricle 
from  above ;  for  unless  the  subjacent  cavity  would  consent  to  the 
coutractiuu  of  this  process^oue  would  stop  the  other  But  that 
the  vermiform  process  is  coutract<^^d  along  the  ventricle  appears 
from  its  situation  and  furrowed  fitrrn,  and  also  from  the  concen- 
tration into  the  same,  as  into  an  axis,  of  the  gyres  of  the  cere- 
bellum. The  same  appears,  further,  from  the  fact,  that  the 
procciises,  both  of  the  cerebellum  and  cerebrum,  conspire  for  the 
purpose  of  opening  and  constricting  tho  cavity  of  the  ventricle, 
that  is,  for  the  purpose  of  luisiug,  and  at  tho  same  time  widen- 
ing the  same;  for  the  upper  process  of  the  cerebrum — the 
tegmentum — Hows  down  near  its  sides;  and  its  anterior  process 
— the  pes  or  cmsta — seems  also  to  inflect  itself  partly  in  tins 
direction ;  at  all  events  [through  tho  raph^]  to  send  some  fibres 
towards  the  middle  of  the  ventricle.  That  tho  first  and  third 
processes  of  the  cerebellum — the  crura  a*!  cerebrum,  and  the 
crura  ad  medullam — act  upon  the  fourth  ventricle  is  plain  to 
the  sight.  For  the  same  reason  also  the  upper  edges  or  the 
upper  circumference  of  the  cavity  is  medullary  and  yielding; 
even  as  it  is  invested  by  n  membrane  which  is  capable  of  dilata- 
tion. To  confirm  and  strengthen  the  alternate  opening  and 
constriction  of  the  ventricle,  there  is  added  at  its  bottom,  and 
along  the  lower  parts  of  its  sides,  a  copious  grey  substance,  and, 
indeed,  the  whole  of  that  grey  substance  which  is  in  thu  medulla 
oblongata,  as  appears  from  tho  plates  of  Willis,  where  the 
caudex  is  shaved  down  to  this  substance.  Finally,  the  alternate 
dilatation  and  constriction  of  the  vcutricle  appears  frum  tho 
blood-vesseb  which  pass  through  its  cavity,  and  frum  tho 
LMiomid    plexus  which    extends   along    its  sides ;    also   from   » 
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other  argumcrtt?,  so  that  the  above  position  is  quito 
able  to  occup3'  the  place  of  un  uuequivocal  truth. 

71  or.  Thi»  ventmcUff  hoivevcr,  vndergoen  this  motion  in  a 
peculiar  way;  for  by  comparing  all  the  circumstances  uf  the 
case,  this  motion  p*'ciiis  tu  be  a  kin'l  uf  unfolding  of  the  ed^es 
of  tho  ventricle,  and  un  elevation  of  its  tloor  to  such  a  de^^ree, 
that  if  it  contains  any  liquid  at  a1l>  especially  in  the  calamus 
scriptorius,  it  ejects  the  same  superiorly,  in  a  place  whore 
it  is  not  covered  up  by  a  ceiling.  This  may  bo  inferred  from 
the  fact  of  the  medullary  trunk  of  the  cerebellum  being  cleft 
into  its  processes  or  pedancles  almost  directly  over  the  middle 
uf  the  ventricle  ;  further,  from  the  medullary,  and  hence  yield- 
ing character  of  the  edges  of  the  ventricle,  which  are  governed 
and  impelkHl  by  the  first  and  tliird  pi*ocesaes  u(  the  cerebellum, 
and  the  upper  process — the  tegmentum — of  the  cerebnini  which 
is  tending  downwards.  Further,  from  the  second  proccM  of 
the  cerebellum — the  crura  ad  pontem — which,  m  the  body  of 
the  medulla  oblongata,  runs  parallel  with  that  same  pi\>cess, 
which,  in  the  middle  of  the  ventricle,  runs  transversely  over  its 
cavity.  Again,  from  the  gi*oove  which  causes  a  divi.^ion  in  its 
floor  from  the  valve  of  Vieussens  to  its  lower  extremity;  as  is 
reported  by  Winslow.  It  appears  again  from  the  fact,  that  all 
the  action  of  the  anterior  or  ventral  surface  of  the  medulla 
oblongata  is  reflected  backwards  towards  the  ventricle,  and 
thua  casts  up  its  floor,  and  spreads  it-s  edges  apart;  for  the 
corpoiti  pyramidatia  and  oUvaria  are  so  formed,  that  they 
extinguish  the  motion  of  the  pons  Varolii  through  intervening 
notches  or  tmusverse  grooves,  and  that  through  other  means 
they  are  able  to  retreat  sidewards;  eo,  indeed,  that  the  motion 
of  the  pons  Varolii  is  directed  backwards  and  solely  into  the 
fourth  ventricle ;  whence  it  is  that  the  anterior  surface  of  the 
spinal  cortl  is  incapable  of  elevation,  and  that  irs  po*5terior  or 
dorsal  surface  determines  all  motion  into  itself.  This  same 
thing  is  also  indicated  by  the  blood-vessels,  one  of  which  is 
situated  in  the  middle  of  its  bottom,  and  the  rest  are  stretched 
oQt  along  it«  sides,  and  not.  as  is  the  case  in  the  third  ventricle. 
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uuitcd  in  the  middle  of  the  fourth  ventricle,  and  mutually 
contiguous  to  one  another.  If,  therefore,  these  vessels  are  ex- 
panded in  alternate  intervals,  and  at  the  same  time  are  shortened, 
as  is  the  case  with  all  the  rest,  it  follows  that  the  bottom  and 
at  the  same  time  the  extremity  of  the  pons  Varolii  is  raised 
up.  It  thus  seems  that  the  calamus  scriptorius,  and  also  a  part 
of  the  fourth  ventricle,  that  is,  the  upper  part  of  its  cavity, 
unfold  their  edges  by  those  menus:  whence  it  is  that  this 
latter  part  projects  its  liquid,  if  it  contains  any,  into  the  calamus 
scriptorius,  rather  during  the  state  when  it  is  unfolded.  This 
same  also  may  be  seen  from  the  grey  substance  of  the  fourth 
ventricle,  which  does  not  occupy  the  roof  or  upper  circum- 
ference of  the  ventricle,  but  its  floor  and  the  lower  part  of  its 
sides;  further,  from  the  choroid  plexus  which  runs  out  trans- 
versely about  the  extremity  of  the  calamus  scriptorius,  and 
associates  itself  there  with  the  plexus  of  the  other  side.  .  .  , 
Finally,  it  appears  from  this  that  the  pia  mater  at  this  same 
extremity  presents  a  duplicature,  so  as  to  allow  itself  to  be 
drawn  apart  there ;  nor  is  there  any  other  foramen,  into  which 
the  fourth  ventricle  could  direct  the  force  of  its  action,  that 
is,  the  effect  of  its  expansion. 

715c2.  Without  the  fourth  ventricle  the  cerehellitvi  could 
not  carry  on  the  movements  of  its  animation ;  for  the  effect 
of  the  expansion  and  constriction  of  its  whole  body  is  directed 
into  its  medullar)'  trunk,  and  thence  into  its  processes.  Unless 
these  processes  in  alternate  periods  were  drawn  towards  the 
cerebellum,  and  again  relaxed,  there  Mould  be  wanting  a  living 
action  upon  the  fibres  of  the  pons  Varolii,  which  aet  upon  the 
basilar  art»ery  ;  and  again  u|»on  the  tibres  which  ran  transversely 
across  under  the  corpora  quadrigemina,  and  which  act  upon  the 
isthmus,  and  the  portion  of  the  chymical  laboratory  of  the  bndn 
which  is  there  ;  further,  upon  the  fibres  which  act  \i\w\\  the  spinal 
cord  and  its  dorsal  surface,  which  they  raise  up  at  the  aamo 
time ;  and  finally  upon  the  fibres  of  the  cerebellar  nerves^  njuiK'ljr, 
upon  those  wliiuh  are  sent  into  the  norvus  vagus  and  the  grttat 
sympathetic  nerves ;  which  nerves,  with  their  copious  juice,  lend 
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towards  the  muscles.  Suppose  now  the  cerebelium  should  bo 
ileprived  of  its  possibLlitj  of  expansion^  in  this  case  the  action 
of  tlie  cerebellum,  or  the  extension  of  its  action,  would  cease ; 
iliis  also  has  been  proved  by  driving  a  needle  into  that  ventricle. 
Tlie  same  nmy  be  concluded  from  the  vermiform  process  of  the 
Cerebellum,  into  wfaioh  the  action  of  the  suriaco  of  the  cerebellum 
is  directed  ;  for  this  process  applies  itself  to  the  ventricle,  and 
nnleas  the  latter  acted  in  a  stale  of  obedience  with  it,  there 
would  result  thence  a  recoil  Boj^iJes,  the  entire  body  of  the 
cerebellum,  with  its  ridged  and  gyrated  surface,  is  superincum- 
bent on  the  ventricle,  to  which  it  applies  all  its  terminations  in 
a  peculiar  manner.  The  same  may  be  predicated  from  the  pro- 
cej^es  of  the  cerebrum,  which  are  directed  into  the  spinal  cord. 

715fl,  Nor  could  ike  sjnrud  cord  undergo  the  cliavgea  of  iU 
motion  together  tvitk  the  cercbetiwm.  I  pass  by  the  medulla 
oblongata ;  for  unless  it  were  furnished  witn  a  cavity,  into  whicti 
its  grey  substance  could  respire,  it  would  be  depiived  of  the 
power  of  acting  upon  \Xa  nerves  as  well.  But  to  recuru  to  the 
spinal  cord.  This  cord  depends  so  much  upon  the  fourth  ven- 
tricle,  and  together  with  it  ujwu  the  restiform  process  of  the 
cerebellum,  that  each  time,  whenever  it  contracts  itself  and  it^ 
grey  axis,  it  is  at  the  same  time  elevated  behind.  This  effect 
could  never  be  attained  without  the  conjoint  support  and 
assistance  of  such  a  cavity.  If  this  conjunction  were  wanting, 
the  depeudeuce  of  the  spinal  cord  upon  the  corobtllum  would 
also  |>erish  ;  for  it  is  chielly  through  the  modiatiou  of  the  fourth 
ventricle  that  the  cerebellum  is  able,  through  its  fibres,  to  act 
upon  the  cunl.  In  this  wise  also,  and  by  no  other  meaus,  can 
the  unterit»r  ami  posterior  spinal  arteries  and  veins  be  supplied 
with  blood,  and  the  grey  substance  of  the  axis  hve,  and  thus  act 
upon  the  nuiscies  of  the  respiratory  field  and  upon  the  re.^^t. 
For  this  same  reason  also  it  has  been  provided,  that  this 
ventricle  shall  never  be  clogged  up  by  any  pituitous  humour, 
without  ejecting  it  at  once;  lest  all  animal  motions  should  at 
ouco  be  put  to  an  end  by  its  obstruction. 

71  &/  The  juurth  veniriaie  seevis  to  receive  in  its  bosom  thai 
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if}dntuou»  liquid  which  the  cerebelluTJi  breather  out  hetv'em 
the  two  lavdncB  of  its  pla  maXev  in  the  direct\4in  of  ike 
vcTTrnforvi  processes;  for  the  fact  that  the  cerebellum  exprefises 
coustautly  a  rcfiued  liquid  from  the  little  arteries  which  enter 
into  its  furrows  and  gyrc8,  follows  from  the  regular  friction 
which  all  these  vessels  undergo  by  their  alternate  compression, 
extension  and  rL'hixntlon.  The  whole  of  this  juice  cannot  be 
poured  iuto  the  medullary  substance  itself  of  the  cerebellum, 
but  must  be  expelled  towards  the  surface  between  the  pia 
mater  and  the  arachnoid  membrane.  Inasmuch  as  the  pia 
mater  is  spread  out  quite  loosely  over  the  surface  of  the  cere- 
bellum, and  nevL-rtheless  is  determined  into  the  vermiforju 
processes,  which  are  superincumbent  over  the  ventricular  edges, 
and  apply  themselves  in  a  suitable  manner,  it  follows  that  the 
whole  of  the  liquid,  conveyed  thither  through  this  general 
lympheduct,  lapses  into  its  unfolded  cleft  or  opening  [the 
foramen  of  Uageudie].  On  this  account  also,  valves  of  coQ- 
siderablo  size  are  attached  to  the  pia  mater — the  valve  of 
Vieussens,  or  the  velum  medullare  autcrius.  and  the  velum 
medullare  posterius  in  the  calamus  scriptorius — which  lie  in 
the  direction  iu  which  the  liquid  is  to  be  expelled.  These 
valves  are  likewise  capable  of  contraction,  and  are  irrigated  by 
an  abundant  p.'itiguiueous  stream.  Ouly  a  juice  of  a  better 
quality  can  be  distilled  between  the  folia  of  the  cerebellum,  on 
account  of  the  constancy  of  its  animation,  and  the  regularity  of 
its  folds.  It  is  different  in  the  brain,  which  is  hourly  exposed 
to  a  change  In  its  motiou. 

71o</.  2he  fourth  w-niricle  also  receives  cU  U16  same  tim4! 
tJuit  »j)iritaoit8  Uqwid  which  Uie  cerehelluTn.  exudes  out  of  its 
medullary  t^uhstancey  near  th^  place-  ivhere  its  nttms  and 
tT^nh  ar<i  divided  itito  procetfses  or  peduncles;  for  the 
medullary  stems  of  the  cerebellum  insert,  and,  as  it  were,  ingraft 
themselves  into  the  medulla  oblongata  exactly  near  the  edges 
of  its  ventricle,  but  the  spreading  apart  of  the  procesftea  takes 
place  almost  above  the  middle  of  the  ventricle.  Should,  there- 
fore, the  medullary  substance  of  the  cerebellum  at  any  tinic  bo 
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supplied  with  more  liquid  than  it  needs  for  the  use  of  it«  fibres 
it  would  seem  to  exude  the  same  into  the  ventricle  also  in 
that  place:  unless  this  discharge  takes  place  between  the 
arachnoi<lea  and  the  pia  mater;  which  last  membrane  is 
evidently  duplicated  below,  with  very  loose  meshes.  This 
was  observed  by  Ridley  in  a  highly  dropsical  brain,  where  ho 
WW  the  g^reater  part  of  the  IjTnph  collected  between  the  dnpli- 
catures  of  the  pia  mater  around  the  c-alamus  scriptorius. 

715A.  Jt  veemo  aUo  to  cxp^rss  this  liquid  through  a  deft  in 
{(»  €€iliv^,  hetiveen  the  pia  and  dura  mater,  and  thence  into 
the  spinal  cord,  in  order  that  there  it  may  mak^  its  way 
bfituren  the  roots  of  the  nei^'es ;  for  when  the  ventricle 
expresses  this  liquid  out  of  its  drawu-up  edges,  ati  open  course 
ia  left  to  it  down  the  spinal  cord.  For  in  the  foramen  magnum 
of  the  occipital  bone,  the  spinal  cord  does  not  adhere  to  the 
dura  mater,  nor  ia  it  united  with  it  in  the  back  and  at  the  sides, 
but  only  in  front  Now,  since  the  whole  of  lliat  liquid  which 
ia  expressed  from  the  cerebellum  is  harmless  and  spLrituous,  it 
is  for  this  very  same  reason  tit  to  enter  into  the  roots  of  the 
nerves,  which  require  such  a  humour.  Without  such  a  moisture, 
or  without  some  interstitial  juice,  these  busy  nerves  would  bo 
dried  up  and  deprived  of  the  faculty  of  attending  to  their 
duties.  For  all  intermediate  spaces,  wherever  there  are  any, 
whether  iu  membranes  or  in  nerves,  require  to  be  tilled  up  with 
a  suitable,  appropriate  juice,  so  as  not  to  become  sinewy.  And 
as  to  the  spinal  cord  itself,  it  cannot  supply  such  a  copious 
juice  as  would  answer  to  the  activity  of  the  nerves,  and  to  the 
continuous  loss  of  the  same;  wherefore  it  seems  constantly  to 
be  under  the  necessity  of  borrowing  the  same  from  the  cere- 
bellum. On  this  account  also,  the  arachnoid  membrane  of  the 
spinal  cord,  that  is,  its  general  lymphatic  duct,  is  denser,  and 
tloatfl  arfjuud  it  more  loosely,  and  determines  the  juice  which  is 
contined  under  it  towards  either  roots,  the  anterior  as  well  as 
the  posterior.  We  may  presume,  therefore,  that  this  liquid  is 
by  no  means  injurious  to  the  nerves,  as  is  the  pituita  of  the 
brain  between  the  pia  and  dura  mater,  and  also  that  which 
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often  collects  in  its  n^edullary  substance,  and  in  its  ventricles. 
In  case  this  last  humour  should  flow  down  through  aii  open 
foramen,  and  unrestrained  by  any  valvular  bolt  or  bar,  as  some- 
times seems  to  happen  out  of  the  region  immediately  above  the 
isthmus,  and  from  under  the  continuous  expansion  uudcnieuth 
the  corpus  callosum — it  would  do  great  haim  to  the  nerves, 
unless  it  be  excreted  thence. 

71 5i.  To  the  alxyi.'c  liqxiid  the /mirth  ventAcle  adds  its  mtm 
detv  which  /s  distilled  oiU  of  the  chomid  plexiut ;  ft»r  this  reason 
indeed,  that  it  may  pass  into  the  interstitial  spaces  around  the 
TOot3  of  the  fasciculi  of  the  spinal  nerves.  For,  according  to 
what  has  been  stated  abuve,  there  is  the  spirituous  juice  or 
white  blood — the  animal  spirit — wljich  permeates  the  very 
fibres;  there  is  the  nervous  juice  which  passes  through  tlie 
interstices  of  the  fibres ;  and  tliere  is  a  still  grosser,  but  not 
phlegmy,  humour  which  is  intended  for  the  interstices  of 
the  nerve-roots  or  fascicles.  These  three  kinds  of  iluids.  which 
correspond  to  the  interstices  or  little  canals,  must  needs  exiMt. 
The  first  species,  that  is,  the  spirituous  juice  or  animal  spirit, 
enters  into  the  fibres  immediately  from  the  cortical  or  grey 
substance ;  the  second  one,  which  is  expressed  from  the  little 
arteries,  pnsses  into  the  interstices  of  the  fibres,  which  are 
interiorly  in  the  fascicles  or  so-called  nerve-roots ;  it  passes  into 
these  interstices  wliere  the  fibres  begin  to  be  collectwl  into 
nerve-roots,  cousc4uently  around  their  beginnings,  whither  the 
general  duct,  that  is,  the  arachnoid  membrane^  directs  this 
juice.  The  third  species,  however,  that  which  is  about  to  enter 
the  interstices  or  the  intermediate  spaces  of  t!ie  nerve-roots  or 
fascicles,  when  they  apply  themselves  to  one  another  mutually, 
and  submit  themselves  to  the  dura  mater,  cannot  be  contained 
between  the  double  lamina  of  the  pia  mater ;  for  the  pia  mater 
and  the  arachnoidea  invest  the  very  nerv»*-root3  or  fascicles; 
nor  can  it  be  of  the  purity  of  that  juice  which  coursc'9  interiorly 
in  the  nerve-roots  between  its  fibres.  Wherefore  a  grosser 
juice  is  here  required;  and  in  order  that  it  may  be  suitable  it 
must  be  mixed  with  the  juice  of  the  choroid  ]ilexus,  so  that. 
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among  all  the  liquids  aud  all  the  canals  which  they  enter,  there 
may  be  a  similar  ratio;  and  that  they  may,  in  a  suitable 
manner,  according  to  the  activities  of  the  more  simple  and 
cumposite  fibres,  have  mutual  respect  to  each  other.  For  the 
composition  oi  this  liquid,  therefore,  the  secretion  of  the  choroid 
plexus  beems  to  be  required;  in  the  same  manner  almost  in 
which,  in  ihe  lateral  voutridos,  the  spirituous  jnice — the  animal 
s[jirit — requires  to  be  mixed  with  the  nervous  juice,  and  this, 
agttin,  uith  the  secretion  of  the  choroid  plexus.  That  the  liquid, 
which,  from  this  ventricle,  ilows  down  between  the  pia  and  dura 
mater,  is  of  this  description,  ajipears  sufficiently  from  the  traus- 
vorse  production  of  the  plexus,  near  the  extremity  of  the  calamus 
ficriplonus,  where  there  is  the  bi_'j; inning  of  the  downward  How  of 
the  liquid  ;  and  also  from  the  glandular  character  of  the  plexus 
itself,  and  its  close  application  to  the  bottom  of  the  ventricle. 
'I'his  plexus  also  is  not  subject  to  those  changes  to  which  the 
plexuses  of  the  lateral  ventricles  are  exposed,  so  that  it  con- 
stantly jwurs  forth  a  homogeneous  vapour.  There  is,  however, 
this  diOerence  between  the  two  secretions,  that  the  analogous 
juice  which  is  prepared  in  the  lateral  ventricles  enters  presently 
into  the  blood,  but  this  latter  juice  into  the  nervt'S ;  and 
thence  it  betakes  itself  into  the  blood,  through  glands  and 
vesicles  in  the  Iwxly.  From  whai  has  been  said  above,  it  follows 
that  the  dilatation  of  this  ventricle,  and  the  elevation  of  its 
floor,  coincides  with  the  contraction  of  the  vermiibrm  processes, 
with  the  spreading  apart  of  the  processes  of  the  cerebellum,  so 
that,  through  the  mediation  of  the  cerebellum,  while  the 
ventricle  is  being  widened,  it  is  also  shortened ;  it  further 
coincides  with  thu  contraction  aud  elevation  of  the  spinal  cord, 
and  the  opoTiing  of  the  space  between  the  dura  mater  and  the 
pia  mater  of  the  cord  in  the  foramen  magnum  of  the  occipitJil 
bono ;  even  as  it  concides  with  the  expression  of  the  liquid  out 
of  the  choroid  plexus.  From  all  of  which  follow  the  afore- 
moutioued  conclusions. 

713/  77(  w  ventricle  aliso  is  sxthservient  to  ihe  roots  of  ihe  facial, 
auditory  and  hi/poylossal  tierves,  so  tJiat  by  a  living  action 
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they  may  suitably  act  upon  the  muscles  which  they  approach. 
Tte  case  with  these  nerves  is  exactly  the  same  as  with  the 
rootor  nerves  of  the  eje,  namely,  with  the  third,  foorth  and 
sixth  nen'ea.  in  respect  to  the  aqueduct  of  Sylvius;  which 
relation  has  been  treated  of  above,  wherefore  it  is  nntiecesaary 
to  repeat  it  here.  For  the  above-mentioned  nerves  have  their 
origin  under  the  fourth  ventricle.  The  seventh  pair  of  nerves, 
that  is,  the  facial  and  auditory  nerves,  besides  supplying  the 
small  muscles  in  the  cavity  of  the  ear,  approach  almost  all  the 
muscles  in  the  face,  and  the  hypoglossal  nerve  all  those  which 
in  the  tongue  arc  subservient  to  speech.  The  first  cervical  pair 
of  nerves  also  seems  to  trace  its  origin  into  the  neighbourhood 
of  the  fourth  ventricle.  Through  the  mediation  of  this  cavity, 
from  a  voluntary  there  is  thus  bom  a  spontaneous  act  Now 
inasmuch  as  so  many  nerves  originate  under  the  floor  of  the 
ventricle,  and  at  its  sides,  the  expansion  and  constriction  of  this 
ventricle  must  be  such,  that  it  applies  itself  to  all,  lest  one  fibre 
should  be  attracted  less  regularly  than  another.  It  provides 
also  for  these  nerves  in  this  sense,  that  it  instils  the  requisite 
moisture  into  them,  namely,  that  which  is  constantly  supplied 
i'rom  its  cavity.  Hence  also  may  appear  the  important  use  of 
the  ventricle  which  is  so  deeply  hidden  away  under  the  cero- 
bcUum,  namely,  that  with  Aurantius  it  deserves  to  be  called  a 
cistern  of  spirits  for  the  use  of  the  nerves,  while  the  triple 
ventricle  of  the  cerebrum  may  be  called  one  for  the  use  of  the 
blood.  The  moisture  of  the  cerebellum  is  afterwards  received 
by  another  cavity  in  the  medulla  of  the  neck,  and  at  last  by 
several  additional  cavities  in  the  medulla  of  the  spine;  but 
whether  these  cavities  are  continuous  1  do  not  know,  and  I 
even  hesitate  to  believe  it  (no.  173). 

6.  The  CEftEBizo-spfXAL  Liquid  in  ckxeral} 

7\hh  A  auhiU  liquid  is  dlfitilUd  from  the  kast  arttfrUa  of 

the  cerebrum  between  its  anfritctuosltittn  (is  wfll  as  between 

'  From  Codex  65,  u   reprodaccd  in  Vol  IV.  of  Uie  PhotoUtlio^pbed 
USS,  of  Swedeaborg.  pp.  193.  tt  «eq. 
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ih£  8ub'divieu>ns  of  the  coHical  tori  or  glomes ;  for,  according 
to  LeeuwGuhoek,  Ruysch,  Facchioni  and  others,  the  cortex  of  tho 
brain  is  always  polished,  and,  as  it  wei'e,  auointod  with  oil ; 
and  between  the  anfractuositiea  there  appears  an  oily  lymph  by 
which  the  liinges  arenas  it  were,  lubricated;  out  of  tho  same 
substance  also  there  exhales  a  certain  urinous  element.  I  do 
not  mean  here  the  humidity  of  a  diseased  brain,  nor  the 
moisture  of  the  interior  lamina  of  the  dura  mater,  but  that 
liquid  which  bathes  immediately  the  cortical  substance,  whether 
it  be  expressed  from  the  winding  little  arteries  by  which  it  is 
interpenetrated,  or  whether  it  come  from  the  pia  mater  which, 
upon  being  pressed,  always  yields  some  moisture,  and  since  this 
is  kept  under  tho  arachnoid  membrane,  it  cannot  rise  upwards, 
but  must  necessarily  flow  downwards  among  the  tori  and  the 

visions  of  the  tori.  The  arachnoid  membrane  also,  by  its 
feasurc,  contributes  to  this  effect.  Inasmuch  as  this  liquid  is 
obtained  from  the  delicate,  arterial  threads  which,  by  the 
constant  animation,  that  is,  the  respiratory  motion  of  the 
cortex  of  the  brain,  are  pulled  and  again  relaxed,  and  thus 
milked,  it  is  quite  poi^ible  that  it  contains  also  some  spirituous 
element*!.  Meanwhile,  inasmuch  as  this  secretion  is  perpetual, 
it  follows  that  nature  has  also  provided  excretory  channels. 

715/,  This  liquid  cannot  moke  its  %vay  into  the  fibres,  hut 
still  it  18  able  to  ptuiett^itG  btttveen  the  fibres  in  the  J\i6c  ides  or 
itv  the  so-called  roots  of  the  nerves;  for  this  liquid  which  is 
reted  from  the  least  arteries  and  the  pia  mater,  and  which, 
on  account  of  the  obstruction  offered  by  the  arachnoid  mem- 
brane, cannot  rise  between  the  meninges,  flows  outside  of  the 
cortical  spherules,  wherefore  it  must  betake  itself  between  the 
fibres  which,  in  alternate  periods,  arc  pulled  and  again  relaxed, 
which,  in  alternate  periods,  open   their  interstices  for   the 

ception  of  such  a  liquid.  This  fluid  also  is  harmless,  and, 
besides,  the  fibres  require  to  be  bathed  by  such  a  liquid,  lest 
they  should  coalesce.  For  it  is  a  matter  of  demonstration, 
that  the  veriest  simple  fibres  are  held  together  between  one 
another  by  the  most  delicate  membranes,  which  by  revolutions 
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are  wound  into  spiral  membrancii.  even  as  is  the  case  with  the 
muscular  rings  and  the  coatings  of  the  arteries,  or  in  the 
bronchial  tubes  of  the  lungs,  as  well  as  in  other  place&  Hence 
these  membranes  must  of  a  necessity  contain  a  moisture,  through 
the  mediation  of  which  the  fibres  may  be  kept  in  a  condiciou  in 
which  they  are  able  to  act,  and  in  which  they  do  not  become 
torpid  as  is  the  case  when  there  is  no  fluid  by  which  they  are 
kept  apart.  For  we  must  hold  on  to  the  fundamental  proposi- 
tion that  ail  things  in  the  animal  kingdom  are  pervious,  or, 
according  to  Hippocrates,  capable  of  transpiration,  and  if  they 
are  pervious,  they  must  be  filled  with  a  suitable  juice.  Thus 
there  must  be  in  the  nerves  minutest  fibrules — the  tibrulcs  of  the 
axis-cylinder — for  the  pure  spirit;  fibres  less  delicate — medul- 
lated  and  nou-meduUaccd  fibres — for  the  animal  spirit;  further, 
the  interstices  between  the  fibres  for  the  present  lifpiid,  and 
for  the  grossest  liquid  the  interstices  between  the  fascicles  or 
nervous  roots.  An  overabundance  of  this  last  juice,  as  we  are 
inatmcted  by  the  history  of  diseases,  may  do  an  egregious 
damage  to  the  nerves. 

libvu  When  thU  liquid  occurs  in  nein^es,  it  Is  commonly 
called  nervous  juice.  Chemistry  informs  us  that  this  is  the 
same  juice  which  Is  secreted  in  the  brain.  For  either  liquid 
evaporates  most  quickly  ;  it  does  not  thicken  when  exposed  to 
the  heat  of  a  fire,  but  is  noticed  to  pass  off  entirviy  into 
the  air;  while  the  remaining  humours  of  the  body,  accord- 
ing to  Boerhaave  and  many  otliers,  generally  either  coagulate 
by  the  action  of  the  fire,  or  leave  many  residua  behind.  The 
origin  of  this  humour  is  thus  deduced  from  the  brain,  and  by 
some  it  is  thought  to  be  the  nervous  g{nrit  itself — this,  however, 
is  contained  within  the  fibres.  .  .  .  When  a  nerve  is  cut  hori- 
zoutalJy,  the  spirituous  juice,  that  is,  the  animal  spirit,  cannot 
exhale  Irom  the  fibres  theiuselvea,  uur  canit  be  exU-acted  ihunco 
cliemically  by  any  artifice ;  for  the  fibres  then  retract  within  thotr 
spiral  coils,  and  thus  close  up  every  passage,  so  that  only  tlse 
present  liquid  has  a  chance  of  fiowiuf^  out.  The  source  of  th'uj 
liquid  in  the  nc-rves  cannot  be  anywhere  else  than  wht-n*  t]^^^ 
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newly  generated  fibres  are  gathered  together;  and  this  takes 
place  as  soon  as  they  pass  out  of  their  formativo  substances. 
The  above  applies  also  to  the  cerebellun],  and  to  both  meduUie 
where  there  is  auy  grey  siibbtance.  In  tliu  cereboUum  this 
liquid  is  secreted  between  its  numerous  folds  which  are  perpet- 
ually rubbed  and  operated  upon  during  the  moments  of  the 
animation  of  the  brain;  wherefore  there  must  needs  bo 
expressed  thence  a  juice  which  can  pass  only  into  its  whit<?  or 
medullary  substance,  and  thence  into  its  medullary  truuk,  and 
consequently  into  ils  processes  and  nerves.  In  a  similar  manner 
a  like  liquid  is  derived  from  the  spinal  cord,  between  the 
fibres,  into  the  very  roots  of  the  nerves,  which  are  presently 
invested  with  pia  tnater. 

71571.  Tk'm  nervous  juice  aeems  to  differ  very  much  from 
the  animnnl  s]yirit,  which  paaees  through  the  fihi^^;  for  the 
animal  spirit  is  almost  purely  spirituous;  it  is  of  a  perpetual 
mobility,  expansible,  compressible,  capable  of  division  into  the 
leafit  possible  parts,  elastic.  The  fibre  is  most  highly  adapted 
to  the  animal  spirit,  and  the  animal  spirit  to  the  fibre,  so  much 
BO,  indeed,  that  no  force  can  become  lost  therein.  It  is  difleront 
with  the  nervous  juice — that  is,  the  cerebro-spinal  liquid — for 
in  this  liquid  there  are  also  aqueous,  uily,  and  subtle  urinous 
elements,  and  prrchnnce  there  is  also  some  spirituous  element 
which  vivifies  the  rest ;  wherefore  this  liquid  cannot  be  of  a 
perpetual  mobility,  expansible,  compressible,  elastic,  etc.,  except 
through  that  portion  of  it  which  it  receives  from  the  spirituous 
element  admixed  to  it  This  liquid,  therefore,  is  comparatively 
inert,  and  possesses  more  of  a  j*£issive  thau  of  an  active  force 
(no.  276). 

c.  The  Arachnoid  Ms.vBftAA's. 


71 5o.  The  arachnoid  membrane,  wliich  has  borrowed  its  name 
from  the  spider  (ararhne),  the  delicacy  of  whose  web  it  emulates, 
is  supeRuided  to  the  pia  mater.  Together  with  this  latter  mem- 
brane, and  almost  like  another  lamina  of  the  same,  it  suffers  itself 
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to  be  drawn  towards  every  external  tract  and  fissure,  be  it  high  or 
low  or  evenly  spread  out  in  a  plane;  yet  it  does  not  enter  the 
sulci  and  windings.  When,  therefore,  the  arachnoid  membrane 
is  rt'inoved,  the  quality  of  the  cerebrum,  and  especially  that  of 
the  cercbeUuni  which  is  distinguished  into  lolia  or  leaves,  is 
revealed  to  the  sight  This  membrane  is  attaclied  more  closely 
to  the  underlying  pia  mater  in  the  crown  of  the  cerebnira,  but 
more  loosely  at  its  base  and  over  the  cerebellum.  Again,  the 
ojonection  between  the  two  is  more  close  around  the  eminences 
ot  the  medulla  oblongata  than  in  its  depressions;  and  it  clings 
more  closely  to  the  anterior  surface  of  the  spinal  cord  than  to 
its  posterior  surface,  where  it  is  suspended  by  the  action  of  the 
ligameutum  denticulatum.  It  encircles  also  the  nerves  in  their 
roots  (no.  280> 

71o/>.  Between  the  arachnoid  mcmbmne  and  the  pia  mater 
there  are  formed  duct-like  cells,  through  which  the  juice,  which 
is  expivsaed  from  the  pia  mater  and  the  little  arteries,  is 
directed  to  those  plac<is  where  it  may  be  derived  between  the 
tibres,  as  well  as  between  the  fascicles  of  the  fibres,  and  into  the 
very  medulhiry  substance  of  the  brain  ;  so  that  all  parts,  by 
l)eing  anointed  with  a  suitable  moisture,  may  accomplish  their 
functions;  while  the  supertluous  juice  is  carried  away  through 
the  ducts  of  the  arachnoid  membrane.  Thence  it  appears  that 
this  membrane  performs  in  the  brain  the  same  use  which  the 
lymphatics  perform  in  the  body  (no.  284). 


2.  KltOM   PAnX  U.   OF  THE  PRESENT  WOilK. 
The  CtREBHO'SPfNAL   LfQUtD  AXD    THE  ARACHffOfD  MeMBRAXE. 


l\hq.  The  moisture  which  is  expressed  from  the  vessels  of 
the  pia  nmter  is  directeti  by  the  arachnoid  membrane  betwcou 
the  fibres  and  lamimc  of  the  nerve-roots  or  fascicles.  For  th(l 
nerve  tlinaighout  its  whole  extent  is  like  a  filter,  that  is.  it  b 
perforated  like  a  stalk,  so  that  by  scpamte  channels  \  't.i 

ill.-.tliiit  juices.     The  present  juice,  that  is^  tho  '.i^  »! 
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liquid,  holds  the  sheaths  of  the  fibres  and  the  lamiiice  of  the 
fascicles  apart  by  anointing  them ;  it  also  lubricates  die  roads. 
Nor  do  I  believe  that  any  one  will  call  into  doubt  the  ability 
posscfisod  by  such  fluids  of  percolating  through  the  porous 
network  of  the  nerve,  if  he  attend  but  slightly  to  the  numerous 
phenomena  presented  by  the  nature  of  tiuids,  whereby  we  are 
infunned  that  a  humour,  whether  of  an  aqueous  or  oily  nature, 
by  invisible  channels,  is  transmitted  with  the  greatest  ease  and 
almost  of  its  own  accord  from  the  bottom  to  the  top.  and  also 
obliqiR'Iy  in  every  direction,  as  may  bo  observed  in  stalks, 
branchos,  twigs  and  grasses,  where  the  juices  ascend  from  the 
Toot5  to  their  highest  tops  (no.  493). 

The  forum  or  market-place,  where  the  lymph,  which  is  con- 
tained under  the  arachnoid  membrane,  that  is.  the  cerebro- 
spinal liquid,  flows  together,  is  in  the  lowest  or  hindmost 
region  of  the  medulla  oblongata  around  the  calamus  scriptorius. 
Thither  it  tiows  from  both  brains,  and  thither  it  is  ci>nveyed 
from  the  whole  circumference  of  the  medulla  oblongata,  and 
thence,  through  the  foramen  magnum  of  the  occiput,  it  descends 
towards  the  posterior  surface  of  the  spinal  cord  (no.  523). 

7l5r.  The  lymph,  which  is  contained  under  the  arachnoid 
membrane,  passes  out  between  the  medullary  fibres  of  the 
brain  and  the  nervous  fibres  of  the  body.  .  .  .  Without  such  a 
perennial  source,  and  without  a  lymph  Uowing  between  them, 
the  tibres  would  easily  coalesce,  whereby  the  individual  or 
single  forces  of  the  nerves  and  muscles  would  run  together  .  .  . 
into  such  as  are  merely  general,  as  is  usually  the  case  in  persons 
where  the  motor  Hbres  do  longer  yield  obedience  to  the  mind. 
Wlitreforo  this  lymph  is  like  an  ointment  which  oils,  smoothes 
and  lubricates  the  hinges  (nos.  503,  509). 

This  same    lymph    is  derived   between    the   lainiuje  of  the 

iciclea  of  the  nerves.  Every  fascicle  of  fibres  within  the 
ium  and  the  vertebral  theca  is  called  a  nerve-root,  and 
ia  covered  with  a  double  or  triple  coating,  the  inmost  of 
which  has  respect  to  the  tibres,  but  the  outermost  to  its  ass<»- 
ciatt  riLscicl-j-s  in  the  nerve.     These  lamince  are  kept  apart  and 
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prevented  from  coalescing  by  a  juice  of  a  most  subtle  quality. 
This  juice  is  none  other  than  that  which  runs  between  the 
fibres,  or  which  is  also  reserved  for  this  use  under  the  arachnoid 
membrane  (no.  51). 

The  arachnoid  membrane  not  only  covers  the  cerebrum  and 
cerebellum,  but  it  accompanies  also  the  roots  of  the  nerves  in 
the  cranium,  as  well  as  in  the  spinal  cord,  as  far  as  their 
outlets,  thus  sprinkling  its  noble  juice  between  the  laminae  of 
the  nervous  roots,  as  it  also  instils  it  between  the  fibres.  ...  It 
appears  as  if  the  arachnoid  membrane  had  chiefiy  the  care  of 
the  nerves  of  the  body  under  its  charge  (no.  512). 


CHAPTER    XXVII. 

THE   PONS  VAROUI,   THE  CORPORA  PVRAMIDALIA 
AJfD  OUVAKIA. 


a.  The  Pons  Varoul 

716.  The  pons  Varolii  is  the  inarriage-chamber  or  marriage- 
bed  of  the  two  braius,  the  Iai*gQr  and  the  smallor ;  for  there  the 
two  like  a  married  couple  first  embrace  each  other,  aad  enter 
into  a  mutual  covenant  for  the  conception  and  the  bringing 
forth  of  their  nerves.  The  cerebrum  moves  thither  from  above 
with  ita  active  grey  substance  and  its  power  of  acting,  and  also 
with  ita  medulla;  the  cerebellum  comes  from  below  with  ita 
medulla.  For  the  medullary  trunk  of  the  cerebellum,  which  is 
collected  from  each  loaf,  twig,  branch  and  stalk,  after  it  has 
been  divided  into  three  heads  or  forks,  in  the  immediate 
neighbourhood  of  the  medulla  oblongata,  sends  its  chiefest 
parts  forwards  on  either  side  into  this  annular  protuberance 
or  pons  Varolii,  as  into  a  prolific  soil;  and  after  it  has 
arrived  there  it  at  once  breaks  up  into  fibres,  as  the  trees 
re&olve  themselves  into  roota  These  fibres  it  throws  out 
in  a  beautiful  order  and  series,  and  through  the  surface 
insinuates  them  upwards,  bent  almost  in  the  form  of  a 
revolving  cycloid ;  and  it  docs  not  cease  its  gyrations,  until  it 
reaches  the  middle  of  its  diameter,  where  the  fibre  of  one  side 
meets  with  that  of  the  other  side.  In  the  middle,  where  through 
these  insinuations  and  gyrations  a  little  groove  is  formed,  the 
common  trunk  of  the  vertebral  artery  reposes,  which,  with  its 
branches  reaching  out  everywhere  sidewards  and  inwards,  is 
held  fast  in  its  place  by  the  fibres.     This  si^cond  process  of  the 

cerL-bellum  towards  the  pons  Varolii,  in  addition  to  these  roots 

2c 


402 


THE  PONS  VAROUL 


and  large  superficial  fibres,  submits  also  other  more  slender 
fibres  disposed  almost  in  the  same  order,  which  are  underneath 
the  former,  and  do  not  penetrate  as  far  as  the  above-mentioned 
little  groove,  that  is,  the  groove  for  the  basilar  artcr>' ;  but  at 
a  little  distance  thecce  ihey  enter  the  caudex,  where  they 
intertwine  themselves  with  many  fibres  sent  thither  from  the 
cerobnmi  as  well  as  with  such  as  are  bom  or  generated  in  the 
pons  itself,  and  they  direct  themselves  either  towards  the 
anterior  surl'ace  of  the  spinal  marrow,  or  enter  into  nerves, 

717.  Willis.' — *'  Several  processes  ascend  obliquely  into  the 
cerebellum ;  and  near  them  other  processes  descend  in  a  straight 
line  from  the  cerebellum,  which  do  not  seem  to  be  inserted  in 
the  me<lullary  cau<lex,  but  j>assing  around  constitute  an  annular 
protuberance,  the  pons  Varolii.  This  annular  protuberance  is 
larger  in  man  than  in  any  other  animal.  I  must  remark 
further,  that  wherever  the  corpora  quailrigemina  above  it  are 
larger,  the  pons  Varolii  below  is  very  small,  and  vice  ver^a 
(p.  18).  .  .  .  As  regards  the  pons  Varolii,  wherewith  the 
medullary  trunk  in  man,  as  well  us  in  every  quadruped,  is 
engirded,  it  is  formed  in  the  following  manner : — As  sofm  as  the 
second  or  middle  process  of  the  cerebellum,  which  descends  in 
a  straight  direction  to  the  medulla  oblongata,  touches  its  sides, 
it  does  not  seem  to  be  immediately  implanted  therein,  but  it 
increases  into  a  broader  mass,  and,  by  a  number  of  various 
circulur  fibres,  cncloBcs  the  suriace  of  the  same  medulla;  and 
after  both  processes  of  the  cerebollQm  in  this  niauuor  ha«*e 
descended  on  either  side  from  the  top  of  the  medullary  caudex 
to  its  base,  they  meet  there  and  form  this  circular  protubcnince. 
Its  compages  is  very  much  larger  in  man  than  in  any  other 
animal ;  in  the  hare,  the  rabbit,  the  mouse,  and  similar  otlior 
animals,  it  is  very  smalL  ...  In  respect  to  its  size,  the  following 
observation  applies  constantly  : — Where  the  corpora  quadrigv- 
mina,  in  front  of  tJie  cerebellum,  are  very  small,  thi.s  annular 
protuberance  ia  very  large,  and  mce  versa;  further,  where  the«e 
corpora  are  completely  wanting,  as  in  birds,  this  protubcmuw 
>  •*Cer«bri  Analomc,"  Cap.  U..  lit,  XV. 
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also  sooms  to  be  wanting.  In  most  brute  animals,  but  uot  so 
in  nmu,  near  this  larger  protubomnce,  but  a  little  lower  down, 
another  arualler  protuberance,  likewiae  oirculur,  is  situaUul. 
which  also  passes  around  cbe  surface  of  the  medulla  oblongata. 
The  root  of  this  is  a  white  and  medullary  line,  which  stretches 
out  under  the  cerebellum,  on  the  floor  of  the  fourth  ventricle. 
From  the  sides  of  this  smaller  protuberance  the  auditory 
n^^rves  take  their  orJgiu ;  but  in  man  these  nerves  seem  to 
originate  from  the  ejttreme  edge  of  the  larger  protuberance,  and 
they  also  have  for  their  root  that  white  medullary  streak  which 
lines  the  floor  of  the  fourth  ventricle  (p.  23).  .  ,  .  The  second 
process,  which  descends  in  a  stxaight  line  from  the  cerebellum, 
embraces  the  medullary  process,  and,  passing  arouud  it  in  this 
manner,  it  constitutes  an  annular  protuberance,  the  pons  Varolii, 
out  of  which  the  nerves  of  the  fifth,  sixth  and  seventh  pairs 
derive  their  origins;  in  such  a  manner,  indeed,  that  this  pro- 
tuberance seems  to  be  the  storehouse  or  reservoir  of  the  spirits 
emanating  from  the  cerebellum,  whence  these  spirits  are  able 
to  flow  out,  and  to  be  drawn  into,  the  ducts  of  the  nervea 
situated  at  the  sides"  (p.  i03). 

71s.  Vjklsskns.* — *  The  two  processes  from  the  cerebellum 
towards  the  medulla  oblongata,  wldch,  by  their  coalition  on  the 
bottom  of  the  medulla  oblongata,  constitute  the  'annular  pro- 
tuberanco'  of  Willis,  or  the  pons  Varolii,  con&i.st  of  exterior  and 
thicker,  and  of  interior  and  smaller  medullary  fibrt^s.  After  the 
exterior  medullary  fibrils  of  the  two  processes  which,  from  the 
cerebellum,  pass  towards  the  medulla  oblongata,  have  reached 
the  middio  of  the  base  of  the  medulla  oblongata,  they  come 
into  immediate  contact  with  each  other  in  a  little  gn.tove,  some- 
times rather  deep,  which  the  basilar  artery  forms  there  in  uian. 
There  also  these  fibres  mix  promiscuously,  and  engini  the 
medulla  oblongata  in  the  form  of  a  ring;  on  this  account,  also, 
without  doubt.  Willis  called  it  tho  largo  annular  j>rocess.  Of 
the  interior  fibres,  however,  the  extreme  ends  of  which  are 
distinct  from  each  other,  and  which  seom  a  little  inclined  dowu- 
'  **  Nearogr«phU."  etc..  Cap.  Xn.,  Xia 
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wards,  as  may  be  seen  in  Plato  xvL,  some  near  the  middle 
region  of  the  base  of  the  medulla  oblongata  are  placed  above 
some  white  tracts  which  emerge  out  of  the  middle  of  the 
corpora  striata,  while  others  are  placed  underneath  them  (see 
Plate  xiii.);  whence  it  is,  that  the  above-mentioned  medullary 
fibrils,  and  also  the  above-mentioned  white  tracts^  intersect  one 
another  crosswise,  as  can  easily  be  seen  in  the  dissection  of  the 
brain.  From  the  above  it  appears  that  the  process  from  the 
cerebellum  towards  the  medulla  oblongata  and  the  pons  Varolii 
are  essentially  one  and  the  same  thing.  This  annular  process, 
however,  Willis  calls  the  larger  one,  in  order  to  distinguish  it 
from  a  smaller  one  which  is  found  in  the  cerebellum  of  certain 
animals,  but  never  in  the  human  brain  (p.  80).  .  .  .  Where  the 
above-said  medullary  tracta,  which  appear  in  the  middle  of  the 
corpora  striata,  are  continued  towai'ds  the  spinal  marrow,  before 
leaving  the  cranium,  they  climb  over  other  medullary  fibres  of 
the  pons  Varolii;  so  that  the  medullary  tracts,  which  emerge 
out  of  the  middle  of  the  corpora  striata,  and  the  medtillary 
fibres  of  the  pons  Varolii,  are  crosswise  interlaced  with  ono 
another,  nay,  and  intercommunicate  with  one  another"  (p.  ft7). 

719.  Ridley.^ — "Where  the  two  crura  of  the  medulla  oblon- 
gata, that  is,  the  nnder  part  of  the  optic  thalami  come  close 
together,  the  'annular  protuberance'  or  pons  Varolii,  made  up 
of  the  second  pi^ocess  of  the  cerebellum  towards  the  medulla 
oblongata,  begins  to  cover  up  the  medulla  oblongata  for  about 
the  space  of  an  inch  and  a  half,  after  which  this  medulla  oblon- 
gata, in  one  large  trunk,  is  continued  to  the  first  vertebra  of 
the  spine,  and  so  quite  down  to  the  end  thereof"  (p.  140). 

WiNSLOW.* — "  The  transverse  annular,  or  rather  semi-annular 
protuberance,  is  a  medullary  production  which  seems  at  first 
sight  to  surround  the  posterior  extremities  of  the  great  branches 
of  the  trunk  of  the  medulla  oblongata,  but  the  medullary 
substance  of  this  protuberance  is  in  reality  intimately  mixml 
with  that  of  the  branches  of  the  above-mentioned  mudallAry 

»  •'Annt.m.y  <t\  thv  Brain,"  Cbftj..  XV 
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trunk.  Varolius.  one  of  the  ancient  Italian  authors,  viewing 
thofic  parts  in  an  inverted  situation,  compared  the  two  branches 
to  two  rivers,  and  the  protuberance  to  a  bridge  under  which 
both  these  rivers  met,  whence  it  has  the  name  of  jKjna  Varolii 
Its  surface  is  transversely  streaked,  and  it  is  divided  into  two 
lateral  parts  by  a  very  narrow,  longitudinal  depression  which 
does  not  penetrate  into  its  substance.  The  smaller  branches 
of  the  medulla  oblongata  are  lateral  productions  of  this  pro- 
tuboranco  which  by  their  roots  seem  to  encompass  that  medul- 
lary portion  in  which  the  fourth  ventricle  and  the  calamus 
scriptorius  are  formed  "  (Sect  x.,  nos.  107,  108). 


b.  The  Corpora  Pyramtdalia  and  Ouvaria^ 


r721.  Willis.' — "It  is  further  to  be  observed  that  near  the 
lowest  base  of  the  medulla  oblongata,  as  it  were,  two  larger 
cords  proceed  from  the  pons  Vaiolii,  which  pursue  their  way 
towards  the  spinal  marrow  in  a  straight  direction,  separate 
from  the  remaining  medullary  trunk,  and  after  in  their  pro- 
gression they  have  gradually  become  narrower,  so  as  to  assume 
a  pyramidal  shape,  after  proceeding  for  about  an  inch  further 
they  terminate  in  shaq)  points.  Their  extremities  consist  of 
that  re^on  whence  the  nerves  of  the  par  vagum  derive  their 
origin,  and  they  cause  a  certain  intumescence  in  the  medulla 
oblongata.  ...  So  long  as  these  corpora  pyramidalia  remain 
invested  with  pia  mater,  and  lined  with  the  plexuses  of  vessels, 
they  do  not  appear  so  manifestly,  but  when  the  pia  mater  is 
torn  off  they  become  so  conspicuous,  especially  in  man  and 
the  dog.  as  to  present  the  appearance  of  large  nerves.  In 
those  animals,  where  the  pons  Varolii  is  a  little  larger,  these 
processes  are  produced  in  right  angles  in  respect  to  the  same, 
and  are  broader  and  more  conspicuous,  and  vice  versa ;  in  binla 
they  are  totally  wauling  (p.  24). .  .  .  The  corpora  pyramidalia  are 
ooDtinued  from  the  pons  Varolii  on  the  medulla  oblongata  towards 
the  spine,  for  this  purpose,  that  the  abundant  supply  of  spirits 
»  '*  Cerebri  Anatome,"  Cap.  lU.,  XV. 
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in  that  storehouse,  by  the  elongation  of  these  processes,  may  be 
able  to  flow  out  partly  into  the  origin  of  the  eighth  pair  of 
nerves,  and  partly  into  the  common  tract  of  the  medullary 
caudex  "  (p.  103). 

722.  VlEUSSENS.^ — "  Between  the  processes  from  tbe  cere- 
bellum towards  the  corpora  quadrigemina,  and  the  processes 
from  the  cerebellum  towards  the  medulla  oblongata,  there  are 
found  two  white  bodies,  one  on  each  side,  which  are  similar  in 
shape  and  colour  to  nerves,  or  at  least  to  nervous  fibrils ;  two 
bodies  of  this  kind,  however,  tend  towards  the  upper  part  of  the 
pons  Varolii  (p.  81).  ,  .  .  The  corpora  pyramidalia,  which  are 
situated  below  the  pons  Varolii,  are  two  white,  pyramidal 
prominences  which  are  discovered  in  the  middle  of  the  base  of 
the  medulla  oblongata  about  its  end,  and  which,  although  they 
coalesce,  yet  by  the  interposition  of  the  anterior  spinal 
artery,  appear  distinct  from  one  another.  The  corj)ora  olivaria 
are  two  white  prominences  o£  the  shape  of  the  kernel  of 
an  olive  which  arc  at  the  sides  of  the  corpora  pyramidalia" 
(p.  82). 

723.  Ridley.' — "There  are  also  two  white,  long  medullary 
processes  called  coq^ora  pyramidalia  both  by  Willis  and  Vieussens 
which  arisii  just  at  the  tenniuation  of  the  pons  Varolii ;  these 
btxliea  run  down  upon  the  medulla  oblongata  for  the  space  of 
an  inch,  ending  some  distance  below  the  place  where  the  nerves 
of  the  eighth  })air  begin,  which  have  their  origin  between  the 
corpora  olivaria  and  the  processes  of  the  cerebellum  towards 
the  spinal  marrow,  partly  on  the  side  thereof;  differently  from 
Dr.  Willis'  account  of  them,  who  describes  them  as  ending  in 
pointed  extremities,  just  where  those  nerves  have  their  origin. 
On  each  side  of  these  appear  plainly  the  corpora  olivaria,  so 
called  from  their  figure,  as  the  former  were  called  by  Vioassen*, 
which,  with  the  corpora  pyramidalia  and  the  corp>ni  albicancia 
behind  the  infundibulum.  he  calls  '  couceptacula  spirituum  ani- 
malium/  the  places  of  conception  of  the  animal  spirits  "  (p.  141). 
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724.  WlxsLOW.' — "  Four  eminences  first  come  into  sight,  of 
which  two  are  n&med  corjx>ra  olivaria,  and  the  other  two 
corpora  pyrainidaiia.  Immediately  afterwards^  the  medulla 
oblongata  is  divided  into  two  lateral  portions,  by  two  narrow 
grooves,  one  on  the  upper,  and  the  other  on  thi^  lower  side. 
They  both  run  into  the  substance  of  the  medulla,  as  between 
cylinders,  Hattened  on  that  side  where  they  are  joined  together. 
On  separatiug  these  grooves  with  the  finger,  we  notice  a  cross- 
wise interlacing  of  many  small  medullary  cords,  which  run 
obliquely  across  from  the  substance  of  one  lateral  portion  into 
the  substance  of  the  other.  M.  Petit  is  the  author  of  this 
discovery,  by  which  we  are  enabled  to  ejtplaiu  several  pheno- 
mena both  in  Physiology  and  Pathology.  The  corpora  olivaria 
and  pyramidalta  are  whitish  eminences  situated  longitudinally 
near  each  other  on  ihe  lower  side,  immediately  behind  the  pons 
Varolii  The  corpora  olivaria  are  in  tho  middle,  so  that  the 
interstice  between  them,  which  is  only  a  kind  of  superficial 
groove,  answers  to  the  inferior  groove  of  the  following  portion. 
The  corpora  pyramidalia  are,  as  it  were,  two  collateral  eminences 
depending  on  the  corpora  olivaria.  .  .  .  These  four  eminences 
constitute  the  lower  half  of  the  medulla  oblongata;  which 
observation  I  here  repeat,  so  as  to  impress  upon  the  reader  that 
in  all  the  figures  and  demonstrations  those  parts  are  represented 
as  superior,  which  in  their  natural  situation  are  inferior.  So 
also  these  emiueaces  are  under  the  fourth  ventricle,  and  under 
the  peduncles  of  the  cerebellum  "  (Sect,  x.,  nos.  109-112). 

725.  In  Willis'  Plate  vi.  is  represented  the  pons  Varolii,  like 
a  circular  area,  and  all  around  it,  near  its  edges,  are  distributed 
the  origins  of  several  nerves;  the  same  in  Plate  v.  In 
Duverney's  Plate,  in  bis  treatise  on  the  ear,  it  ia  likewise 
represented  very  exactly ;  there  also  is  marked  the  interstice  or 
the  trausverRc  groove  between  the  pons  Varolii  and  the  corpora 
olivaria.  It  is  shown  there  that  ihe  fourth  thiu  pair  of  nerves 
emerges  near  the  upper  edges  of  the  pons  Varolii ;  the  fifth 
pair,  however,  which  is  quite  robust,  on  either  side  of  this 
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protuberance;   the  sisth   pair   from   the   top   of  the   coqiora 
oLivaria;  the  seventh  pair  from  the  lowest  portion, of  the  pons; 
the  eighth  pair  like  a  bundle  on  both  sides,  under  the  corpora 
pyramidalia — near  the  sides  of  which  they  burst  forth ;  the 
ninth,  however,  from  the  middle   of  the  lowest  part  of  the 
corpora  olivaria;  and  the  tenth  below,  from  the  caudcx  itself. 
Id  Plate  iv.  of  Vieussons,  the  pons  Varolii  [o  o]  is  represented 
evolved  like  a  cycloid  with  oblique  superficial  stria?;  and  also  a 
certain  fibrous   and  striated   process   above  it  [N    N],  which 
descends  into  the  compages  of  the  pons  itself;  further,  the 
vertebral  arteries  [q  q],  which,  upon   being  united,  form  the 
basilar  artery  [l*].     This   last  artery  is  seen   passing  through 
the  middle  of  the  pons,  and  on  both  sides  it  scuds  out  brauche:5 
into  it,  and  inserts  them  into  it     It  is  also  shown  how  the  basilar 
artery,  immediately  beyond  the  pons,  is  dispersed  into  branches 
which  communicate  with  the  carotids ;  fuixher,  how  the  two 
trunks  of  the  vertebral  artery,  together  with  a  certain  canal  in 
the  middle,  pass  through  the  middle  of  the  cor()ora  olivaria: 
the  corpora  pyramidalia  [r  h]  arc  noticed  leaning  against  the 
sides  of  the  corpora  olivaria  [s  s].     In  his  Plate  v.  the  same 
annular  protuberance  or  pons  Varolii   ap|»ears   like  a  broad 
ring  [m  h],  and   the   corpora  olivaria   [o  o],  and  pyramidalia 
[n   n],  like  inverted   bottles;  there  also  are   represented   the 
vertebral  arteries  and  likewise  the  nerves.     In  Plates  v.,  xiv., 
and  XV.,   the  same  is  represented,  together  with   the   groove 
which  divides  the  lateral  portion  at  the  pons  on  the  surface;. 
In  Ridley  6  Plate  i.  the  whole  is  represented  a  little  difterently  ; 
there  also  aro  exhibited  the  pons  Varolii,  the  corpora  pymmid- 
alia  and  olivaria.  together  with  the  junction  of  the  vertebral 
arteries  and  their  common  trunk.     In  his  Figure  viL  is  shown 
the  exterior  appearance  of  the  pons;   and  in  Figure  vL  it  is 
exhibited  a  little  shaved  off.     Heister  states  that  the   pons 
Varolii  was  badly  drawn  by  Willis  and  others,  but  well  by 
Ruysch. 
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QuAiN.i — "The  PONS  Varolii  or  luher  annulare 
forms  a  prumiacuce  marked  by  irausvorsc  fibres  above  and  iri 
J*roi»t  of  the  Toedulla  obion^'ata,  and  between  the  lateral  herui- 
apheres  of  the  cerebellum.  Its  ventral  surface  and  upper  and 
lower  margins  are  arched,  the  superior  much  more  so  than  the 
inferior;  and  at  the  sides  its  transverse  fibres  are  gathered  to- 
gether into  a  compact  mass,  which  passes  into  the  cerebellum, 
and  is  named  the  viicldle  crus  or  peduncle  of  tfie  cei'ebcllum. 
Along  the  middlu  of  its  ventral  surface  the  pons  has  a  shallow 
groove  along  which  the  basilar  artery  runs,  and  it  is  perforated 
by  small  branches  of  the  artery.  The  pons  consists  ventrally 
of  transverse  or  commissural  fibres,  between  which  the  longi- 
tudinal fibres,  prolonged  upwards  from  the  medulla  oblongata, 
pass,  together  with  a  large  admixture  of  grey  matter.  The 
superficial  fibres  of  the  ventral  surface  are  transvei'se  in  their 
general  direction,  but  while  the  middle  fibres  pass  directly 
acrosfi,  the  lower  set  ascend  fliightly,  and  the  superior  fibresi 
which  are  the  most  curved,  descend  oblitjucly  to  re^ich  the  crus 
cerobelli  on  each  side  ;  some  of  the  upper  fibres  cri>ss  obliquely 
the  middle  and  lower  ones  so  as  to  conceal  them  at  the  sides. 
When  the  sujwrficial  transverse  fibres  are  removed,  the  pro- 
itiged  fibres  of  the  anterior  pyramids  come  into  view  ;  these, 
they  ascend  through  the  puns,  are  separated  into  smaller 
bundles,  intersected  by  other  transverse  white  fibres,  which, 
with  those  upon  the  surface,  are  all  continued  into  the  middle 
peduncle  of  the  cerebellum. 

"At  the  lower  part  of  the  pons,  behind  the  fibres  from  the 
anterior  pyramids,  is  a  special  set  of  transverse  fibres  najned 
the  trapezium — so  called  because  in  most  of  the  lower  animals, 
in  which  the  more  veutrally  situated  fibres  of  the  pons  are  not 
developed,  and  the  pyramids  are  small,  these  transverse  fibre:i 
partially  appear  ou  the  surface  between  the  pyramid-buudlua 
I  "  Elements  of  Anatomy/*    Ninth  Epitiok.    London,  1882. 
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in  an  area  of  a  somewhat  four-sided  shape.  Laterally  they 
curve  round  a  collection  of  grey  matter  behind  them,  called 
the  superior  olivary  nucIeuB,  and  probably  many  of  them  are 
connected  with  its  cells.  They  then  course  outwards  across  the 
bundles  of  the  facial  nerve-roots,  and  in  frctnt  of  the  upward 
prolongation  of  the  substantia  gelatinosa  of  the  tubercle  of 
Rttlando,  and  the  bundles  of  fibres  belonging  to  the  ascendiug 
root  of  the  fifth  nerve  to  join  the  middle  peduncle  of  the 
cerebellum. 

"  Between  the  bundles  of  fibres  of  this  ventral  portion  of  the 
pons,  grey  matter  with  small  multipolar  nerve-cells  is  every- 
where found  (nuclei  ptnitis).  It  is  probable  that  many  of  the 
transverse  fibres  are  connected  with  these  cells,  and  it  may  be 
that  a  cell  is  connected  at  one  part  with  a  transverse  or  com- 
missural fibre,  and  at  another  sends  a  process  to  reinforce  the 
longitudinal  fibres  of  the  pyramidid  tract  ascending  through 
the  pons ;  but  the  same  fibres  do  not  appear  to  turn  upwards, 
for  tfte  iransveree  fibres  are  mticUler  tlian  the  UyngiiudinaL 
The  interspersed  grey  matter  seems  to  correspond  to  that 
which  is  fbtmd  between  the  arcuate  fibres  of  the  modntta. 

"  The  posterior  or  dorsal  portion  of  the  pons  is  chiefly  consti- 
tuted by  a  continuation  upwards  of  the  formatio  reticularis, 
and  of  the  grey  matter  of  the  medulla  oblongata.  As  in  the 
latter,  there  exists  here  also  a  median  septum  or  rapFu^  which 
is  similar  in  structure  to  that  of  the  medulla.  It  does  not 
extend  through  the  ventral  half,  being  obliterated,  or  nearly  so, 
by  the  great  development  of  the  transverse  or  commissunil 
fibres,  except  near  the  upper  and  lower  borders,  where  the 
superficial  fibres  of  the  pons  turn  in  at  the  median  line;  and 
especially  on  the  upper  border,  where  bundles  of  the  same 
fibres  encircle  the  crura  cerebri  aa  they  emerge  from  the  pons. 

"In  the  reticular  formation,  in  addition  to  the  scattered  and 
reticularly*arrangod  grey  mutter  with  ntirve-cella  everywhere 
met  with,  there  are  one  or  two  important  collections  which  Ho 
inibeddod  in  this  formation,  and  fr<im  which  nen-e-fibres  arlw. 
One  of  these  is  the  superior  olivary  nucleus,  aootbar  ,is  the 
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nucleus  of  the  seventh  or  facial  non'c,  and  others  give  origin  to 
portions  of  the  fitth  nerve. 

"The  SUPERIOR  OLIVARY  NUCLEUS  is  a  collection  of  small 
nerve-colls  which  lies  behind  the  outer  part  of  the  trapezium, 
in  what  correspouda — as  indicated  by  the  passage  outwards  of 
the  roots  <i>{  the  sixth  and  seventh  nerves — to  a  prolongation  of 
the  lateral  area  of  tho  medulla^  In  niau  it  is  very  much  smaller 
than  the  inferior  olivary  nucleus,  to  which  it  does  not  present 
much  rcscniblancc.  In  some  animals,  however,  it  is  larger,  and 
has  a  distinct  sinuous  outline.  From  it.  as  above-mentioned, 
Bome  of  the  fibres  of  the  trapezium  arise. 

"  The  NUCLEUS  OF  THE  FACIAL  NKRVE  lies  in  a  reticular  forma- 
tion just  dorsal  to  tho  superior  olivary  nucleus,  and  at  some 
depth,  therefore,  below  the  floor  of  the  fourth  ventricle.  It 
begins  to  be  visible  in  sectioos  immediately  above  the  medulla 
oblongata,  and  extt»nds  three  or  four  millimetres  upwards. 

"The    MOTOR     NUCLEUS    OF     THE    FIFTH     NERVE    (Lwkhart 

Clarke)  cornea  to  view  above  that  of  the  facial,  but  it  is  less 
deeply  situated,  lying  a  little  below  the  lateral  angle  of  tho 
fourth  ventricle.  Both  it  and  that  of  the  facial  contain  large 
nerve-cells. 

"The  tJPPER  SENSORY  NirCLEUS  OF  THE  FIFTH  NERVE  lies  On 

the  outer  side  of  the  motor  root  Tho  cells  are  small  and 
arranged  in  clusters  separated  by  the  fasciculi  of  origin  of  the 
nerve-root.  This  nnckus  extends  somewhat  farther,  both  above 
and  below,  than  the  motor  nucleus. 

"  The  rest  of  the  grey  matter  of  the  pons  lies  near  the  dorsal 
surface,  and  appears  in  the  iloor  of  the  upper  part  of  the  fourth 
ventricle.  Besides  scattered  nerve-colls,  others  are  collected  at 
curtain  parts  into  definite  groups  or  nuclei  from  which  some  of 
th*;  nmiaining  cranial  nerves  take  their  origin.  Like  the  similarly 
placi.>d  nuclei  in  the  medulla  oblongata,  these  also  do  not  lie 
lose  to  the  epithelium  which  covers  the  surface,  but  are 
fW^m  it  by  a  layer  of  gelatinous  substance  (neuroglia), 
free  from  iiorvc-cclls.  termed  the  opendyma  of  the  ventricle. 

"The     INNER    or    PRINCIPAL    NUCLEUS    OF    THE    ArCITORV 
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NERVE,  which  lies  under  the  tubcrculum  acusticum,  is  pro- 
longed upwards  underneath  the  strisB  acusticaa  into  the  puna. 
It  iB  widest  at  about  the  junction  of  the  medulla  and  pons^ 
where  it  extends  almost  to  the  middle  line;  further  up  it 
rapidly  narrows  and  becomes  shifted  towards  the  lateral 
boundary  of  the  ventricle  as  the  nucleus  of  the  sixth  nerve 
makes  its  appearance  between  it  and  the  median  sulcus.  Its 
cells  are  small,  and  it  is  much  broken  up  by  the  passage  through 
it  of  tine  transverse  nerve-fibres. 

•*  The  ouTEK  or  supehior  nucleus  of  the  auditort  nerve 
(nucleus  of  Dciters,  Laura)  is  characterized  by  the  large  size  of 
its  cells,  and  lies  immediately  on  the  outer  side  of  the  main 
nucleus.  Ic  dues  not  begiu  to  be  vi^dblc  so  far  down  as  this, 
but  is  continued  as  fmr  upwards,  rather  increasing  in  size 
superiorly,  whereas  the  main  nucleus  diminishes.  It  is  much 
broken  up  by  longitudinal  Jibres.  The  connection  of  this 
nucleus  with  the  auditory  ncrvo  is  called  in  question  by 
Laura. 

"The     ACCESSORY    NUCLECTS    of     the    ArDIT<»RT    NERVE    is 

represented  in  the  up]>er  part  of  the  medulla  by  a  collection 
of  nerve-cells  lying  in  the  angle  between  the  reatiform  body, 
and  the  two  portions  of  the  posterior  root  of  the  nerve.  But 
the  chief  part  of  the  nucleus  ifi  placed  higher  up  in  the  region 
of  tlie  pons  on  the  outer  side  of  the  anterior  njot  It  is  re- 
markable for  the  tact  tliat  its  colls  are  enclosed  like  those  of 
the  spinal  ganglia  each  in  a  nucleated  capsule. 

"The  NUCLEUS  OF  THE  SIXTH  kek\t:  (common  nucleus  of  the 
sixth  and  seventh  of  some  authors)  consists  of  a  tract  or  column 
of  large  multipolar  cells  lying  on  either  side  of  the  median 
sulcus.  It  corresponds  to  the  part  of  the  funiculuH  teres  which 
lie^  in  front  of  the  8tri:e  acustieaB  on  the  Hoor  of  the  fourth 
ventricle.  It  has  a  close  relation  to  tliu  n^ot  of  the  f"'-^! 
which  runs  along  its  mesial  side,  curves  round  it  event' 
ftud  upp<>ars  to  receive  some  fibres  from  it,  but  it  is  somewhat 
luubiful  if  this  is  really  the  cuite  (Oowers),  Its  cells  aro 
nailer  than  those  of  the  fatnal  nucleus"  (iL,  pp.  299-304). 
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CoDceraing  "  the  upper  portion  of  the  fourtli  ventricle,"  see 
above,  no.  704rf. 

725fc.  MeynertJ — "The  bundles  of  fibres  composing  the 
'procesmA  cerebelli  ad  cerebi'um,  in  the  region  of  the  crua 
cerebri  above  the  corpora  quadrigemina,  are  forced  apart  by  the 
introduction  of  a  mass  of  finely  granular  substance,  containing 
nerve-cclta  of  two  general  sizes  (some  45/i  by  15^,  others  15^ 
by  2fi),  and  are  thereby  mode  to  form  the  centrum  rubruni 
tegmentL  In  the  region  of  the  superior  corpus  bigeminum 
this  same  process  appears  as  a  simple  medullary  tract,  the 
circumference  of  which,  by  the  absence  of  the  granular  grey 
substance,  must  manifestly  be  less  than  that  of  the  centrum 
rubrum.  .  .  .  This  medullary  tract  continues  to  contain  large 
numbers  of  nerve-cells,  and  these  remain  scattered  among  its 
fibres  even  after  its  decussation. 

"These  nerve-cells,  which  are  of  great  size  (45/*  by  15^)  are 
disposed  in  a  striking  and  unusual  manner,  inasmuch  as  they 
lie  parallel  rather  to  the  smallest  arteries  and  the  capillaries 
than  to  the  nerve-fibres.  They  appear  to  be  in  the  closest 
apposition  with  the  walls  of  these  vessels,  are  suitably  bent  to 
tit  ihe  angles  made  by  their  branches,  and  send  out  long  and 
thick  processes  that  run  longitudinally  along,  and  probably  in, 
their  walls.  This  peculiar  arrangement  is  to  be  demonstrated 
even  in  the  centrum  rubrum  itself,  and  from  there  onwards  to 
beyond  the  point  of  decussation  of  the  processus,  and  the  pro- 
cessus itself  docs  not  free  itself  entirely  of  nerve-cells  until  it 
has  emerged  from  the  corpora  quadrigemina. 

"The  processus  cerebelli  ad  cerebrum  is  seen  to  approach 
very  near  the  median  raphd.  The  surfaces,  which  it  presents 
on  successive  cross-sections,  are  never  made  up  exclusively  of 
the  cut  ends  of  longitudinal  fibres,  but  even  in  the  region  above 
the  lower  half  of  the  superior  corpus  bigeminum  contain  also 
a  large  number  of  transverse  lines  which  correspond  to  such 
fibres  of  the  processus  as  have  loft  their  longitudinal  course  to 
pass  over  to  the  opposite  side  of  tlie  tegmentum,  decussating  at 

'  ••Op.  citat.'* 
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the  median  line  with  those  that  cross  in  the  reverse  direc- 
tion. ,  ,  . 

"  This  decussation,  and  the  subsequent  process  of  reconstruc?- 
tion  of  the  processus  cerebelli  ad  cerebrum,  takes  place  in  the 
region  of  the  lower  half  of  the  inferior  corpus  bigeminum  and 
of  the  plac^  of  exit  of  the  nenroa  trochlcaris.  .  .  . 

*'  The  processus  of  the  two  sides,  taken  together  -with  the 
decussating  fibres,  come  thus  to  have  the  form  of  a  hiirse-shoc 
opening  backwards,  which  encloses  between  its  two  branches 
the  comparatively  large  area  occupied  by  those  constituent 
fibres  of  the  tegmentum  destined  for  the  spinal  cord  which  lie 
between  the  posterior  longitudinal  fasciculi  and  the  stratum 
lemniscL  .  .  . 

"  The  position  of  all  the  spinal  cord  fibres  of  this  region  ia 
completely  governed  by  that  of  the  processus,  which,  in  tho 
course  of  their  decussation,  force  their  way  among  the  former 
and  push  them  aside  in  such  a  manner  that,  so  lung  as  the 
processus  occupy  a  central  position  in  the  tegmentum,  tho 
remaining  fibres  lie  to  the  outside  of  thorn,  whereas,  when  tlio 
processus  attain  a  lateral  position,  the  other  fibres  appear  un 
cross-section  between  them.  .  .  . 

"  After  having  completed  its  decussation,  which  is  undoubtedly 
complote,  .  .  .  each  processus  disengages  itself  superiorly  and 
(ixtrrnnlly  from  the  {wsterior  division  of  the  projection-?^}  s: 
ill  which  it  was  imbedded.  .  .  .  Opposite  the  greatest  eoiu 
of  the  pons  it  lies  entirely  free"  (pp  712,  713). 

723c.  "The  basis  cjuris  cerebri  becomes  split  up  into 
secondary  fasciculi  by  the  passage  through  it  of  the  transreis^ 
fibrous  tracts  of  the  ^irvc^imw  ml  pontcnu 

"  AHer  these  fufciclcs  have  still  lurther  divided  into  bundles 
of  very  small  size,  a  certain  number  of  their  component  fibres 
.  .  .  enror  into  connection  with  nervc-ecUs  (30^1  in  kngth  and 
12;i  in  thickness),  which  colls  are  in  connection  likewise  with 
the  fibres  of  the  processus  ad  pontem. 

••  These  nerve-cells  are  found  along  the  borders  of  tho  districts 
occupietl  by  the  secondary  groups  of  longitudinal  fibres  belong- 
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iug  to  the  cms  cerebri,  where  the  latter  lie  in  contact  and 
evidently  in  connection  likewise  with  the  fibres  of  the  processus 
ad  pontera.  They  lie  further:  (1)  towards  the  more  central 
portions  of  the  secondary  groups  of  longitudinal  crural  fibres, 
which  indicates  that  these  groups  are  everywhere  penetrated 
by  the  fibres  belonging  to  the  processus  ad  poutem ;  (2)  within 
the  strata  that  contain  the  exclusively  transverse  fibres  of  the 
processus,  viz.,  both  the  superficial  and  the  deep  transverse 
fibrous  layers  of  the  anterior  division  of  the  pons. 

"We  may  divide  the  traTiaverse  fasciculi  belonging  to  the 
processus  ad  pontem,  as  they  appear  on  the  surface  of  the  pons 
obtained  by  cross-section,  into  (1)  a  superficial  stratum ;  (2)  those 
interwoven  amoilg  the  longitudinal  crural  fibres ;  (3)  a  deep- 
seated  stratum"  (pp.  714,  715).] 
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726.  The  pons  Varolii  is  the  marriage-chamber,  as  it  were, 
of  the  fibres  of  the  cerebellum,  as  well  as  of  chose  of  the 
cerebnim  and  of  those  of  the  central  ganglia,  i.«.,  the  optic 
thalami  and  the  corpora  striata.  The  fibre  of  the  cerebellum 
enters  this  chamber  as  a  bride,  for  it  bends  and  bulgos  itself 
around  the  surface.  The  fibre  of  the  cerebrum,  attended  by, 
and  adjoined  to,  the  fibres  of  the  central  ganglia,  which  servo 
in  the  capacity  of  bridesmaids,  flows  into,  and  through  this 
protuberance,  and  on  its  passage  inserts  itself  in  various  places 
into  the  fibres  of  the  cerebellum.  From  their  mutual  inter- 
course in  the  marriagc-bed  itself  there  arises  a  triple  progeny, 
and  further  down  in  the  protuberances  below,  an  ofispriug  still 
more  manifold;  nay,  as  many  as  six  or  seven  pairs  of  nerves, 
have  their  birthplace  there.  But  in  what  manner  the  fibre  of 
the  cerebrum  and  that  of  the  cerebellum  mutually  embrace 
each  other,  and  how  the  fibre  of  each  is  betrothe<l  to  that  of  the 
other,  this  escapes  the  sight  of  the  eye,  and  hence  also  the 
scrutiny  of  the  rational  miud.  So  much,  indeed,  is  very  clew, 
namely,  that  each  single  fibre  flows  most  distinctly,  and  that 
in  this  gathering  of  roadways,  each  fibre  has  respect  to  the  end 
from  the  beginnings,  and  to  the  beginnings  from  the  end;  and 
that  it  never  deviates  one  hair's  breadth  from  its  determination. 
Further,  that  here,  in  the  pons  Varolii,  is  the  first  station  where 
the  above-mentioned  fibres  of  a  threefold  origin  and  quality 
establish  a  certain  common  meeting-ground,  whence  they 
launch  fon^ard  into  their  field  of  action,  institute  their  olympic 
games,  and  keep  in  sight  their  goals. 

727.  The  fibres  which,  on  either  side  in  the  form  of  a  hemi- 
cycle,  revolve  around  the  surface  of  the  pons  Varolii,  bold  the 
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vertebral  artery,  that  is,  the  united  truuk  of  the  basilar  artery, 
tied  and  bound  in  such  a  mauner  that  this  vessel,  according 
to  every  exigency,  is  expanded  and  constricted  not  only  by  a 
general,  but  also  by  a  particular  foi-ce,  aid  and  summons.  This 
work  has  been  assigned  to  the  tibres  of  the  cerebeUum  which 
creep  along  the  surface,  and  constantly  act  upon  their  own 
proper  artery.  On  this  account  also  these  fibres  are  arranged 
in,  and  bent  into,  such  a  circular  form  that  not  only  the  general 
action  of  the  pons,  but  also  the  particular  one  of  its  fibres  by  a 
suitable  determination  may  enter  into  the  fibres  of  the  first  as 
well  as  of  the  second  order,  or,  into  those  of  the  roots  of 
the  nerves ;  again,  that  tlic  general  action  of  this  organ  may 
enter  into  the  subsequent  roots  of  nerves  which  are  about  to 
emerge  out  of  the  corpora  olivaria  and  pyramidalia,  and  like- 
wise out  of  the  trunk  of  the  spinal  marrow  itself,  and.  finally, 
that  this  action  may  be  thoroughly  accommodated  to  the  sur- 
rounding members  and  cavities  as  well  as  to  those  that  Ho  on 
the  opposite  side,  namely,  to  the  iufundibulum,  the  corpora 
striata,  the  corpora  albican tia,  to  the  isthmus  and  its  approaches, 
to  the  fourth  ventricle,  as  well  a.s  to  its  own  associate  processes, 
namely,  to  the  first  and  third  processes  of  the  cerebeUum,  and  to 
the  rest  which  are  at  a  still  greater  distance.  For  in  a  unanimous 
series  there  is  a  continuous  connection,  as  well  of  substances  as 
of  motions,  from  the  fii-st  to  the  middle,  and  from  the  middle  to 
the  last  or  ultimate  parts. 

728.  Without  a  previous  knowledge  and  acknowledgment  of 
the  expiuisiou  and  constriction  of  the  body  itself  of  the  pons 
Varolii,  wo  remain  in  deep  ignorance  as  to  iJie  meaning  of  the 
inflected,  wedge-liko  form  assumed  by  its  fibres.  We  know, 
indeed,  nothing  whatever,  unless  we  look  upon  the  axis  of  the 
pons  Varolii  as  thou  in  a  state  of  circumrotation  (pent rock io), 
or  upon  its  spiral  disk  (ii/mpanmn  cwhUaiuia)  as  it  were  in 
a  atate  of  motion.  So  soon,  however,  as  we  cherish  a  faith  in 
its  reciprocal  agitation,  everything  at  once  becomes  transparent 
and  cx>mpr©hensible.  When  thus  it  is  perceived  that  the  cere- 
brum and  the  cerebellnm^  together  with  the  corpora  striata  and 
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the  optic  thalarai  are  moved  in  alternate  periods,  it  follows  that 
the  pons,  the  annular  protuberance,  which  is  interposed  here,  is 
urged  around  by  all  these  bodies,  and  stimulated  into  action  by 
its  own  fibres  as  to  its  least  or  most  singular  parts;  so  that  it 
is  turned  in  conformity  with  the  ratio  of  the  ibrct^s  received 
thence^  and  with  the  arrangement  of  the  parts.  It  follows 
thence  in  accordance  with  the  physical  laws  which  have  become 
known  to  us,  and  in  accordance  with  rules  purely  mechanical, 
that  the  fibres  which  in  a  winding  manner  creep  over  the 
surface  of  this  annular  protuberance,  interlace  and  inwrap  in  a 
sinuous  manner  the  whole  of  its  anterior  surface;  further,  that 
these  winding  fibres  by  virtue  of  their  circular  inflection  pull 
downwards,  and  at  the  same  time  constrict  in  alternate  periods 
the  circumference  of  this  protuberance,  while  in  the  interior 
structure  of  the  organ  the  fibres  belonging  to  the  cerebrum 
endeavour  to  pull  this  organ  upwards  in  the  direction  of  the 
origin  of  their  movements.  Hence  there  results  a  kind  of 
reciprocal  action  of  the  surface,  and  of  the  internal  stnicture  of 
the  pons  similar  to  that  of  a  hund-mill.  where  grooves,  running 
in  an  opposite  direction,  are  chiselled  into  the  millstones,  which 
grooves  act  upon  each  other  according  to  an  opposite  method 
of  grinding,  for  while  the  cerebellum  conveys  thither  the  strata 
of  Its  fihres  in  bends  or  inflections  in  the  direction  towards  its 
pedtincUs,  the  cerebrum  also  leads  forth  its  own  strata,  whence 
there  arises  a  kind  of  contradictory  system  of  rotation.  It 
appears  hence  how  the  blood  flows  into  the  attracted  and  dilated 
[basilar]  artery,  and  into  the  branch  communicating  with 
the  carotid  artery,  and  even  into  the  shoots  themselves,  for  it 
flows  in  altogether  in  accordance  with  the  inten«ry  of  the 
motion.  It  appears  also  especially  how  through  such  a  reci- 
procal action  of  the  fibres,  or  through  the  kin*l  of  action  and 
reaction  there,  tho  pous  Varolii  is  deprived  of  the  faculty  of 
extending  its  expansile  motion  to  thu  tract  of  the  meiUiUa 
oblongata  which  is  lower  down,  and  succ<^eils  next  in  order, 
nanu'ly,  to  the  corpora  olivaria. 


729.  Lest,  therefore,  the   expuijsile   mot 
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oblongata  should  be  continued  beyond  the  annular  protuber- 
ance or  pons  Varolii  as  far  as  the  corpora  olivaria  and  p3*ra- 
raidalia,  a  transverse  groove  or  fold,  like  a  boundary  ditch,  is 
interposed  between  the  part  of  the  pons  furthest  down,  and  the 
part  of  the  corpora  olivaria  highest  up.  This  is  a  manifest 
indication  that,  if  the  pons  should  transgress  beyond  its  ring 
or  circle  in  that  direction,  its  motion  would  turn  back  upon  ita 
course,  and  its  impetus  being  checked  in  this  way  would  be 
neutralized.  The  object  of  this  ia  that  the  expaniiile  motion 
may  thus  be  shifted  towards  the  posterior  surfaco  of  the 
medulla  oblongata  whore  tho  fourth  ventricle  and  the  calamus 
scriptorius  are  situated,  both  of  which  are  capable  of  expansion, 
and,  consequently,  towards  the  posterior  surface  of  the  spinal 
cord,  on  which  account  also  the  medullary  caudex  does  not 
adhere  to  the  hinder  wall  of  the  vertebral  cavity,  although  it  is 
closely  affixed  to  its  anterior  wall  The  final  reason,  however, 
is  lest  the  roots  of  the  ner\*es  in  the  medulla  oblongata  itself, 
as  well  as  in  the  spinal  marrow,  by  the  alternate  motions 
should  he  pulled  upwards  and  displaced,  and  thus  drift  about, 
whence  there  would  result  an  uncertainty  in  their  determination. 
730.  This  is  further  confirmed  by  those  diminutive  folds 
and  interstitial  fissures,  which  are  introduced  between  the 
corpora  olivaria  and  the  corpora  pyramidalia  below,  but 
which  run  in  the  direction  of  diameters  in  respect  to  the 
higher  transverse  groove ;  for  tho  pyramidal  corpora,  by 
means  of  these  folds,  can  retreat  a  little  towards  the  sides, 
whither  the  motion  is  directed,  and  thus  are  able  to  avert 
and  repress  inroads  from  above.  Besides,  if  the  sittiation 
of  the  parts  iu  this  lowest  region  of  the  medulla  oblongata 
is  carefully  compared  with  the  motion  of  each,  namely, 
with  the  situation  and  motion  of  the  fourth  ventricle,  of  the 
calamus  scriptorius.  of  the  fibres  which  clirab  up  the  ventricle, 
of  the  roots  of  certain  nerves,  especially  of  the  eighth  pair; 
further,  with  the  situation  and  motion  of  the  lower  vermiform 
process  and  of  the  pons  Varolii — it  will  appear  from  this  com- 
parison that  forms  like  those  which  are  called  olivary  and  pyra- 
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midal  must  needs  exist  there ;  and  that  these  corpora  are  the 
very  apices  or  genuine  beginnings  of  the  spinal  marrow,  although 
they  have  their  origin  within  the  cranial  cavity ;  for  in  their 
neighbourhood  the  motion  of  the  medulla  oblongata  ceases,  and 
that  of  the  spinal  marrow  begins. 

731.  I  may  be  allowed  to  introduce  here  a  conjecture ;  for 
whatever  does  not  flow  from  evident  marks,  and  whatever 
induction  is  based  only  upon  the  connection  of  parts,  all  this,  I 
hold,  must  be  relegated  among  hypotheses.  The  conjecture, 
however,  is  as  follows : — The  second  process  of  the  cerebellum, 
whence  arise  the  fibres  of  the  pons  Varolii,  and  perchance  also 
those  of  the  par  vagum,  originate  from  the  middle  region  of  the 
cerebellum ;  but  the  fibres  of  the  first  process  [crura  ad  testes] 
firom  its  posterior  region,  and  those  of  the  third  process  [crura 
ad  meduUam]  from  its  anterior  region.  That  the  fibres  of  the 
pons  Varolii  spring  from  the  middle  of  the  cerebellum  may  be 
concluded,  it  seems  to  me,  from  that  middle  stalk  which  termi- 
nates in  the  peduncular  trunk  of  the  cerebellum.  Further,  it 
may  also  be  concluded  that  there  proceeds  thence  the  strongest 
and  most  constant  action  of  the  cerebellum,  such  as  is  wanted 
for  the  pons  Varolii  and  the  par  vagum.  Again,  from  the  usage 
which  is  frequently  observed,  and  according  to  which  the  fibres 
are  everywhere  connected  by  decussations,  as  is  also  the  case 
here  near  the  corpora  olivaria  and  elsewhere,  it  follows  that  such 
also  must  be  the  case  in  the  cerebellum,  where,  even  as  the 
highest  parts  tend  towards  the  lowest,  and  the  lowest  parts 
towards  the  highest,  so  also  the  middle  parts,  which  are  formed 
from  the  two  sides  pressing  together,  will  result  in  an  inextricable 
knot,  such  as  presented  by  the  cerebellum.  Yet  this  is  written 
down  simply  en  'pasaanL 
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FROM  AN  EARLIER  WORK  ON  THE  BRAIN.' 


a.   The  Pons   Varoui. 


731a,  The  pons  Varolii  consists  of  the  fibres  of  the  cerebrum 
which  embrace  thoso  of  the  cerebellum,  interlace  themselves 
with  them,  ami  iuainuato  themselves  into  them.  In  the  pons 
Varolii,  again,  the  fibres  of  ojxch  of  the  brains  intertwine  them- 
selves with,  and  insinuate  themselves  into  those  fibres  which 
are  proper  to  the  medulla  oblongata. 

In  this  somi-annular  protuberance,  called  the  pons  Varolii,  wo 
are  able  to  see,  more  clearly  than  in  the  other  members  of  the 
braina.  thoso  figures  which  arise  from  the  inflexion  of  the  fibres, 
because  they  visibly  creep  around  that  organ,  and  mutually 
incline  towards  a  diametral  line,  where  tn6  basilar  artery, 
about  the  middle  of  the  organ,  lies  as  it  were  hidden  away, 
and  imbedded  in  a  certain  groove.  We  remain  profoundly 
ignorant  of  the  meaning  of  these  carved,  wedge-like  masses  of 
fibres,  so  long  as  we  do  not  know  beforehand  and  acknowledge 
the  animation  of  the  adjacent  bodies;  and  we  are  unable  to 
understand  the  meaning  of  the  arrangement  of  the  whole 
texturo,  80  long  as  we  do  not  behold  the  machine  in  motion. 
But  as  soon  as  ever  we  have  faith  in  the  reciprocal  agitation  of 
this  organ,  all  that  is  submitted  to  the  sight  in  tliLs  organ  bo- 
comes  at  ouco  intelligible.  As  soon,  then,  as  we  perceive  that 
the  cerebellum  and  the  cerebrum,  with  its  corpora  striata  and 
optic  thalami,  that  is,  with  the  upper  and  lower  beginnings  of 
the  medulla  oblongata,  swell  and  subside  in  alternate  periods, 

'  Codei  06.     PhotoUUiogr&pL«a  MSS.,  Vol.  iv.,  pp.  116118, 
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just  like  the  pulmonary  bellows:  it  follows  thonce,  that  the 
intervening  plane  or  annular  tuber — the  pons  Varolii — driven 
around  by  them  all,  and  moved  in  its  most  singular  parts  by  its 
own  fibres,  is  wound  or  turned  about  in  conformity  with  the 
ratio  of  forces  received,  and  with  the  arrangement  of  its  own 
parts  and  lines.  Thence  it  follows,  in  accordance  with  purely 
mechanical  rules,  and  those  physical  laws  which  have  come  to 
our  notice,  that  the  fibres  which  in  tortuous  windings  extend 
their  course  over  the  surface  of  this  orbicular  protuberance, 
constrict  its  whole  anterior  side  in  a  sinuous  manner;  and 
indeed  in  the  same  way  in  which  the  first  process  or  peduncle 
of  the  cerebellum,  on  the  opposite  side,  is  belt-like  thrown 
around  the  medulla  oblongata  under  the  corpora  quaUrigemiua  ; 
so  that  the  constriction  of  the  caudex  shall  be  of  the  same 
character  on  the  one  side  as  on  the  other;  with  this  distinction 
only,  that  in  the  pons  Varolii  the  area,  as  well  as  its  sinuoufi 
contexture,  is  larger.  Again,  it  follows  that  the  winding  fibres, 
which  occupy  the  surface  of  the  pons  Varolii,  and  which  au^ 
those  of  the  peduncles  of  the  cerebellum,  on  account  of  their 
circular  inflection,  pull  down  and  at  the  same  time  constrict  t}ie 
surface  ;  while  the  straight  fibres  in  the  medullary  stem,  which 
are  those  of  the  cerebrum,  draw  the  same  up  towards  the  origin  of 
iheir  motions :  whence  there  arises  in  the  pons  Varolii  a  reciprocal 
action  of  the  surface  and  of  the  interior  of  the  medulla,  and 
a  certain  likeness  to  the  motion  of  a  hand-mill,  in  the  stones  of 
which  are  wrought  grooves  which  run  in  opposite  directions 
and  which  act  upon  the  substance  to  be  ground  by  movements 
derived  from  opposite  8oarce&  For  while  the  cerebellum  pulls 
the  strata  of  its  fibres  towards  their  sources  and  thus  towards 
the  peduncles,  in  accordance  with  their  winding  course,  the 
cerebrum  also  pulls  the  cerebral  fibres  towards  their  sources; 
whence  there  arises  a  kind  of  turning  into  opposite  directiooa 
There  results  hence  an  action  on  either  side  towards  tho 
posterior  surface  of  the  medulla  oblongata,  where  the  fourth 
Ventricle  is  situated,  and  where  a  deep  cleft  or  fissure  rimsduwu 
to  the  spinal  cord;  and  uo  action  whatever  is  communicated  to 
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the  antenor  surface  of  the  medulla  through  t}ie  corpora  olivaria 
and  pyranaidiilia,  between  which  and  the  pons  Varolii  a  little 
space  m  left,  that  is,  an  interstitial  groove  or  fold  is  introduced. 


b.    Tn£  PedITXCLES  op  the  CeRESSLLVM^    TOCSTHEX  WiTH  THE 

Corpora  PyFAMWAUA  and  Ouvar!a. 

7316.  Almost  from  the  same  place  of  insertion  whence  the 
cerebellum,  lor  the  purpose  of  forming  the  pons  Varolii,  sends 
out,  from  the  trunk  of  its  medullary  tree,  that  process  or 
peduncle  which  is  called  the  second,  it  throws  out  two  other 
processes.  One  of  these  on  either  side  it  dispatches  towards  the 
corpora  quadrigemina.  This  process,  called  the  first,  encircles 
the  caudex  of  the  medulla  oblongata,  like  a  fasciatcnl  belt  The 
other,  of  a  harder  consistency,  it  sends  downwards  towards  the 
spinal  cord.  This  process  is  called  the  third  or  restiform.  From 
the  second  process,  the  one  first  mentioned,  which  proceeds  in 
A  transverse  direction,  two  medullary  tracts  are  produced  on 
either  side  towards  the  edge  of  the  fourth  ventricle,  and  these 
presently  terminate  in  another  transverse  tract  This  trans- 
verse lower  tract  runs  parallel  with  the  higher ;  it  is  wider  in 
the  middle  with  a  division.  At  the  sides  it  has  a  double  firout, 
like  a  cord  cleft  into  two.  Under  this  tract  the  restifonu  or 
third  process  of  the  cerebellum  works  its  way,  and  gradually,  as 
it  approaches  the  foramen  magnum  of  the  occiput,  runs  in  an 
oblique  direction  &nd  becomes  contracted,  so  as  to  enter  the 
spinal  cord. 

Title.  The  corpoTQ,  pyramidalUt  extend  immediately  below 
the  pons  Varolii  for  about  an  inch  within  the  cranium ;  as 
though  they  wer^  the  topmost  apices  of  the  spinal  cord,  and 
the  lowest  extremities  of  the  medulla  oblongata.  So  far  as 
their  surface  Ls  concerned,  they  are  whitish  eminences,  which 
are  separated  from  the  above-mentioned  pons  by  a  groove,  not 
very  deep,  which  runs  transversely.  By  the  aiiterior  spinal 
artery  which  originates  either  from  the  right  vertebral  artery, 
ut  from  the  common  trunk  which  is  made  up  from  the  two 
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stems,  and  which  runs  on  the  superficial  groove  of  these  corpora, 
they  are  distinguished  slightly  into  two  columns,  as  it  were,  or 
pyramids.  They  are  crossed  by  striated  and  medullary  planee 
which  are  sent  out  from  the  cerebrum  and  cerebellum  into  the 
spinal  cord,  and  which  by  degrees  approach  nearer  to  the 
central  axis,  and,  as  has  been  observed  by  Petit,  by  oblique 
decussations  pass  over  to  the  fibres  of  the  opposite  side. 

The  corpora  oUvaria  are,  as  it  were,  affixed  on  either  side 
to  these  pyramidal  bodies  in  the  middle.  Their  topmost 
extremities,  however,  terminate  below  those  of  the  pyramidal 
bodies;  from  which  they  are  separated  by  a  slight  lateral 
fissure.  Both  vertebral  arteries  pass  over  these  bodies  in  an 
obliijue  direction. 

Experience,  however,  has  not  yet  informed  ns  whore  the 
strio)  and  fibres  of  these  four  cohimns  originate;  how  those  of 
one  column  climb  over  those  of  the  other;  into  which  points  of 
the  surface,  of  the  axis  in  the  middle,  and  of  the  nerves  of 
either  medulla,  they  are  derived ;  and.  finally,  which  stris  of 
fibres  are  sent  over  to  the  cisterns  and  foramina  of  the  oppocdte 
region.  For  the  fibre  is  here  so  compacted  and  interlarded  with 
gn*y  matter,  that  it  can  be  extricated  and  idoutitied  only  when 
one  stratum  is  most  carefully  removed  or  lifted  from  another 
stratum,  and  the  eye  at  the  same  time  is  armi'd  by  the  most 
powerful  glasses,  so  that  the  distinctions  are  clearly  seen.  The 
fibres  which  are  pre-sented  before  the  naked  eye  are  usually  so 
imbedded  in  wasted,  collapsed,  frail  and  straggling  other  fibres^ 
that  they  can  furnish  only  a  delusive  light  fur  conjectures, 
wherefore  experience  in  these  rcgioas  is  quite  misty,  as  it 
were.  And  yet  for  all  that  it  cannot  be  denied  that  a 
most  beautiful  order  pervades  the  whole,  and  that  through 
invisible  passages,  which  constantly  escape  the  sight,  IvinplLs 
and  juices  find  their  way.  If  a  passage  be  deuied  to  liquids^ 
because  vision  declares  that  it  has  noi  been  observed, 
and  cannot  be  observed,  what  thca  should  we  aay  of  the 
ventricles  analogous  to  those  of  man  in  tha  l«ast  brains,  or  m 
the  8pin&I  cord  of  anin\alcii1ie,  which  can  acaroely  equal  in  aiaa 
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the  spaces  in  our  fibres  of  the  second  order.  And  yet  the 
lymphs  and  spirits,  by  which  they  grow  and  are  nourished, 
course  most  expeditiously  through  their  medullae  and  nerves 
even  as  they  are  conveyed  into  the  muscles  and  members. 
This  we  are  justified  in  concluding  from  their  crawling  and 
flight,  that  is,  froxa  the  extremely  swift  vibration  of  their  wings 
which  does  not  strike  the  eye  except  as  a  general  modulation, 
and  which  first  reaches  the  ear  as  a  buzz.  Besides,  the  entire 
little  bodies  of  some  are  beyond  the  sphere  of  our  vision.  Now, 
as  according  to  the  microscopic  experience  of  Leuwenhock, 
several  thousands  of  vessels  and  little  pores  perforate  a  particle 
as  large  as  a  middle-sized  grain  of  sand,  what  must  not  be  the 
case  with  the  smaller  particles  through  which  there  flashes  a 
liquid  still  more  refined,  which  immensely  exceeds  in  subtilty 
the  visible  flow  in  the  blood-vessels  and  lymphatics  (na  163). 


NOTE  vr 


TME  CHYMICAL  LABORATORY  OF  THE   B1?AIN 


F.  Fi/Acr/o/^s  or  the  Jnfl'ndibvlvm  anp  the.  Pnu/TAHV 

/.  Central  Uses  of  the  PiiuUary  Gland, 

1.  SwsBEKBORa  describes  the  pituitary  gUnd  aa  "  the  kst  of  tiio 
organs  o(  tlie  whgle  cb^micul  biburatury  iu  the  brain,"  and  as  **  tbeir 
cuuiplement  and  crown  "  (no.  51)2).  He  als<t  points  to  the  fact  that 
**  tbe  whole  of  the  brain,  with  its  substances  and  membranea,  tta 
intermediate  and  ultimate  integumeats,  its  processes,  arteries  and 
flinuscH,  concentres  in  this  one  gland,  oa  in  a  certain  termiDUu  of  ita 
work,"  and  such  being  the  case,  he  sa}'s,  *'  it  must  needs  be  that  the 
brain  has  in  view  and  curries  out  here  some  sublime  and  grand  work 
which  concerns  the  whole  kingdom,  and  on  which  its  wclfart^  depends  " 
(ibid,).  *'That  the  pituitary  gbind,  however,  is  of  such  intrinsic 
importance,  and  that  its  nature  is  such,"  he  continues,  **can  never 
bo  known  from  the  gland  alone,  but  only  when  it  is  regarded  in  con- 
nection with  the  parts  that  precede  and  follow  it,  and  thus  when  it 
ia  considered  from  them." 

That  the  pituitary  gland  jicrfurma  an  important  use  in  the  animal 
economy  is  also  univorsaDy  admitted  by  the  modern  school  of  com< 
parative  anatomy  and  physiology,  So  Vircfiow  *  saya,  "  If,  amid  all 
the  uncertainty  that  prevails  respecting  the  interpretation  of  the  use 
of  this  enigmatical  organ,  you  will  call  to  remembrance  that  the 
pituitary  gland — the  hypophysis  cerebri — it  almost  the  most  ooustant 
uf  furmutious  in  the  whole  series  of  vertebrata,  and  that  it  preaervttt 
Its  rclatlona  to  the  B|)hQn(iid  bono  with  the  greattiAt  persistence,  you 
will  at  least  not  entertain  any  doubt  that  it  reprosQDta  an  eascotial 

'  Virofaow  (R.).  ''UntenachuiigQU  alxr  di«  fintwickalusig  d«  SdUhUd- 
gruodeB,"  etc     Bodin,  1857,  ila 
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linlc  iu  the  development  of  this  clasa  of  animals."  WUhelm  MiUier  ^ 
aama  up  the  resalta  of  his  investigations  into  the  developmeut  and 
structure  of  this  organ  in  these  words,  '*  If  you  compare  the  form  of 
the  pituitary  gland  in  man  with  that  which  it  has  in  the  remaining 
cJaaaefl  of  vertebrato,  the  result  shows  that  this  organ,  with  ita 
essential  attributes,  descends  through  tbe  whole  family  of  vertebrate 
animals.  .  .  .  The  fully-developed  gland  exhibits  easeatially  the  same 
characteriatics  in  all  animals  furnished  with  a  cranium.  From  this 
circumstance  I  infer  that  the  gland  has  some  very  definite  functions 
to  fullil  which  are  not  dis{>ensed  with  as  the  animal  organisms  become 
successively  more  perfect.  For  only  under  this  supposition  does  the 
continued  transmission  of  this  organ  through  the  order  of  vertebrata, 
with  the  retention  of  all  its  es&eutial  attributes,  become  iuteliigible," 
This  opinion  MiAalkovics '  quotea  from  W.  Miiller  as  expressing  hia 
own  view. 

But  as  regards  the  actual  state  of  natural  science  on  the  subject 
of  the  use  of  this  organ,  Eckcr^  expresses  it  in  these  words,  "I 
refrain  from  attempting  to  interpret  this  enigmatical  organ  and 
declare  its  functions,  since  we  lack  the  vary  first  ideas  on  the  subject. 
I  rather  confess  my  absolute  ignorance  in  this  connexion." 

Another  more  recent  writer,  !iapolin\j*  says,  '*  The  functions  of  the 
pituitary  gland  are  still  unknown ;  it  constitutos  a  problem,  the 
solution  of  which  we  do  not  possess ;  in  short,  that  gland  for  us  is 
still  a  myth." 

2.  One  observer,  however,  from  Swedenborg'a  point  of  view, 
aeema  to  be  on  the  tight  track — namely,  Lt^ydi^.^  S{>eJiking  of  the 
pituitury  gland  in  some  fishes,  in  the  Ji(^/<i  clavata,  ho  says,  **  In 
reepeot  to  its  external  form  I  have  to  mention,  first  of  all,  that  it  is 
grown  fast  to  the  base  of  the  cranium ;  and  that,  in  the  form  of  a 


*  MiUlcr  (Wilhelm).  "  Ceber  Kotwickeluug  uoil  Bau  der  Uy[Kiphy«U  and 
dea  procesaua  iufundibuU  cerubri,"  in  "  Jouaischo  Zeitaohrift  fUr  MeiliciD  und 
XutnrwtMSi'iiscliaft.  "     Vol.  vi. ;  Leipzig,  1871  ;  pp.  334  -425. 

'  Mihnlkovic*  (Victor  v.).  '•EutwickclungBgeachichtc  dcs  Gohlms,"  etc. 
Lctpag,  1877,  4to ;  p.  90, 

'  KckuT  lA. ).  The  uticle  "  Blatdriisen,"  in  Rud.  Wagner's  "  Handwdrter- 
hach  der  Physiologie."     V^ol.  iv.  ;  HraODachweig,  1853  ;  pp.  IGO-ltiS. 

*  3a[>oliiii  (G.).  '*L*sire  de  U  selle  turciqite,"  traduit  de  litalien  pur 
M.  A.  Hubert,  etc.  (Journal  de  Medeoine.  fic  Chimrgio  ctde  rharmacologie, 
pubUt-  par  ta  Society  Koyale  dca  Sciences  mi^ilicales  et  naturellea  de  Bruxellcs, 
(or  1870 ;  p.  305). 

*  Ivoytljg  (Prof.  Franx).  "  Bettriigv  xur  niikroekopiBch«>ii  Aniktomie  und 
Entwkkelu&gBgescbichte  derRoohen  und  lUie. '     Leipdg,  1853  i  p.  12. 
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reddiah-yellow  welt,  7'"  in  length,  it  extends  symmetrically  to  t&8 
right  and  left  .  .  .  The  closed  aaca  of  which  it  conyiats,  throughoat 
the  wh.ilo  extent  of  the  gUnd,  are  encircled  by  rery  many  blood- 
vessels, and  what  appears  straage,  in  the  lateral  productions  of  the 
gland,  which  abound  with  veaaehif  and  chiefly  there,  are  found  blood- 
globules  in  their  varinus  retrograde  metamorphose.'t.  You  will  notice 
there,  in  cells  0,O0C75 — 0,0135'"  in  size,  all  the  intermediate  ate^w 
from  the  stiil  yellow  blood-globule  to  the  blackish  remnants  of  such 
globules.  The  final  condition  of  these  cells  in  the  pituitary  gland 
must  consequently  be  described  as  marking  a  transitional  stage  on 
their  part  into  clear  lymphatic  globules  of  0,003,376"'.  At  least  the 
intermediate  members  between  the  lymphatic  globules  and  other 
globules  of  0,006,75"*,  which  contain  the  sharply-marked  fragments 
of  blood  corpuscles,  are  far  too  uuracrous  not  to  give  rise  in  the  mind 
of  the  observer  to  this  supposition." 

From  Pr<:)f.  Leydig's  observation  it  would  appear  that  the  function 
of  the  pituitary  gland  consists  in  converting  the  antiquated  red  blood- 
corpuscle  into  its  antecedent  state  of  a  lymphatic  or  white  blood- 
corpuscle,  or  rather  the  red-blood  corpuscle  is  finit  reduced  into 
fragments,  and  fragments  of  these  rod  corpuscloa  are  developed  into 
lymphatic  or  white  blood-globules. 

According  to  Swedenborg,  the  pituitary  gland  receives  from  the 
brain  through  the  infundibulum  those  ingredients  which,  when  com- 
bined with  the  chyle  supplied  by  the  thoracic  duct,  result  in  the 
formation  of  the  red  blood.  These  various  ingredients,  chief  among 
which  ate  the  elements  of  the  pure,  lymphatic  blood,  the  immediate 
parent  of  the  red  blond,  the  pituitary  gland  re&nes  and  equalizes,  and 
dispenses  to  the  blood  in  that  proportion  in  which  they  are  wanted. 
The  actual  infusion  of  the  lymphatic  or  pellucid  blood  into  the  red 
blood,  Swedenborg  is  led  to  infer  from  the  facts  of  his  tiuie^  begins 
aft«r  the  various  liquids  and  lymphs  which  contribute  to  the  formation 
of  the  bloud  have  left  the  i)ituitary  gland ;  but  Pn»f.  Leydig's  cipori- 
enco  seems  to  show  that  the  instillation  of  a  spirituous  lyraph  into 
antiquated  bloud-cells,  and  hence  the  regeneration  of  the  red  blood,  al 
least  in  the  lower  animaht,  commences  already  in  the  pituitary  gland 
itself :  and  that,  for  this  purpose,  blood-cells  arriving  from  the  carotids, 
or  from  other  sources,  are  first  broken  up  into  fragments,  and  each 
fragment,  then,  by  the  instillation  of  the  spirituous  lymph  of  the  broir, 
is  transformed  into  a  highly-living,  lymphatic  globulo.  Soyi>rai  of 
these  lymphatic  *     :  to   SweJ  "     theory,  ©nl«r 

afterwards   into  <     '  one  red   >  i-.      The   full 
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of  Prof.  Leytlig's  discovery  on  Swedenborg'a  theory  will  be 
ezamiDed  more  in  detail  below,  in  no.  22. 

3.  Swodenborg^a  theory  of  the  blood,  as  stated  by  himself,  is  as 
follows:  "The  globule  of  blood  [blood-cell]  is  of  a  threefold  origin, 
order,  nature,  and  hence  dimension.  ...  If,  therefore,  we  would  lay 
ojien  the  nature  of  the  globule,  we  must  conceive  that  the  spirituous 
tftsenco  [animal  spirit]  constitutes  the/rjrf  order  j  that  the  less  com- 
pounded blood  [the  spirituoua  lymph,  or  lymphatic  blood],  the  fluid 
consifiting  of  plano-oval  apherulea,  constitutea  the  kcotuJ  order ;  and, 
lastly,  that  the  red  blood  constitutes  the  third  order  ]  which  last  thus 
enjoys  in  a  maimer  a  triple  maternity"  ( (Efoiutmia  ffe/pii  A  nimalU,  Part 
i.,  no.  92).  And  again  he  says,  **  There  are  two  kinds  of  blood,  a  grosser 
blood,  and  a  purer  blood,  and  the  former  is  red,  the  latter  transjxirent. 
,  .  .  This  latter  blood  is  actually  the  very  lymph  that  the  lymphatic 
ve.ssels  absorb,  and  carry  back  through  the  thoracic  duct  into  the  red 
blood.  ...  In  an  absolute  sense,  indeed,  the  purer  or  pellucid  blood 
is  the  animal  spirit,  which  floats  in  its  lymph,  as  the  red  blood  floats 
in  its  serum ;  wherefore  the  purer  blood  or  animal  spirit  is,  in  a  like 
munner,  beset  and  surrounded  by  a  serum,  but  of  the  most  refined  and 
delicate  character,  and  properly  termed  lymph"  (Rerjnum  Aiiimole^ 
English  edition.  Port  H.,  no.  510,  r). 

Accordiug  to  Swedenborg,  the  pituitary  gland  superintends  the 
pnrveyance  of  tlje  more  spirituoua  ingredients  necessary  for  the  com- 
position of  the  red  bluod.  For  it  is  the  recipient,  firvt^  of  animal 
spirit  from  the  fibre  of  the  medullary  substance  of  the  braiu  which 
is  coutinut^d  into  the  gland  through  the  iufundibulum,  and  tenninates 
there  ;  sfcomUy,  it  Is  the  recipient  of  the  spirituous  lymph,  or  of 
the  lymph  of  a  middle  quality,  which  is  identical  with  the  purer  or 
pellucid  blood,  and  which  consists  of  "animal  spirit  floating  in  its 
lymph,  as  the  red  blood  floats  in  its  aemm  ; ''  and  thirdly,  the  gland 
receives  a  gnwser  scrum,  which,  when  supplemented  by  the  chyle  from 
the  thoracic  duct,  is  instrumental  in  preparing  the  more  composite 
r«d  blood  out  of  the  former  more  spintuooa  ingredients. 

The  "  lymph  "  which  *'  besets  and  surrounds  "  the  animal  spirit  is 
derived  partly  from  the  minute  vessols  of  the  choroid  plexuses,  and 
iMLftly  from  the  interstices  between  the  fibres  of  the  brain.  The 
"  lymph  "  derived  from  the  latter  source  is  identical  with  the  cerebro- 
BpLual  liquid.  This  l^^mpb  is  conveyed  into  the  choroid  plexus  from 
the  subarachnoid  s]>ace,  and  is  afterwards  fortified  and  strengthened 
by  the  grosser  lymph  secreted  from  the  blood-vesselfl  in  the  choroid 
plesos  itself  (see  Note  vii.,  no.  4).     The  aerum  of  the  third  order. 
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which  is  on  the  le^el  with  the  more  composite  red  blood*  ifl  likewise 
deiived  from  the  choroid  plexaaes,  and  besides,  it  trickles  down 
through  the  epithelium  lining  the  vaults  of  the  ventncles.  On  thia 
subject  we  read  in  Swedenborg'a  "Memorabilia,"  **Tho  large 
ventricles  of  the  cerebrum  are  places  where  serosities  trickle  down 
from  tlie  interstices  between  the  fibres,  and  from  other  sources.  They 
are  thus  a  kind  of  urinary  bladder  of  the  brain,  where  serum  or  lymph 
is  mixed  witli  spirit ;  and  whence  spirit  and  the  better  portions  are 
again  secreted"  (nos.  830,  831). 

In  the  liquid  which  is  conveyed  from  the  lateral  ventricles  through 
the  third  ventricle  into  the  infundibulum,  the  purer  spirituous  lymph, 
which  is  distilled  from  the  choroid  pleiuscs,  is  thus  mixed  promis- 
uuously  with  a  serum  of  a  lower  order.  The  two  are  separated  in 
the  infundibulnm,  and  enter  into  the  pituitary  gland  by  distinct 
channels. 

The  spirituous  lymph,  that  is,  the  lymphatic  blood  which  is 
separated  from  the  grosser  serum  in  the  infundibulum,  is  still  more 
refined  in  the  pituitary  gland,  and  then  that  portion  of  it  which 
enters  into  the  posterior  lobe  of  the  gland  is  surcharged  there  with 
fresh  animal  spirit  received  immediately  from  the  niedullary  substance 
of  the  brain  ^in  the  infundibulum ;  while  the  remaining  portion  of 
that  lymph  is  received  in  the  central  cavity  of  the  gland.  There  it 
is  equalized  and  refined,  [>artly  by  the  addition  of  animal  spirit,  and 
partly  by  the  infusion  of  an  additional  refined  serum,  which,  when 
needed,  is  distilled  from  the  carotid  blood,  in  the  anterior  lobe  of  the 
pituitary  gland. 

That  spirituous  lymph  which  has  been  surcharged  in  the  posterior 
lobe  with  animal  spirit,  according  to  Swedenborg,  is  carried  at  once 
from  the  posterior  lobe  into  the  sinuses  in  the  immediate  proximity 
of  the  pituitary  gland  \  and  thence  it  is  emptied  into  the  superior 
petrosal  sinuses.  But  the  remaining  Hpirituuus  lymph,  or  lymphatic 
blood,  which  constitutes  the  greater  bulk  of  that  liquid,  according  to 
our  author,  is  conveyed  immediately  into  the  jugular  rein  through 
lyuipheducts  in  the  sphenoid  bone. 

The  grosser  serum,  however,  wliicli  is  separated  from  the  ventricular 
liquid  in  the  infundibulum,  is  conveyed  through  special  pores  ox  tabes 
from  tlte  infundibulum  into  the  pobtorior  pitrt  of  the  gland,  whence 
it  distils  into  a  receptacle  under  the  posterior  lube.  And  during  the 
expansion  of  the  gland,  this  serum  is  squeeiccd  through  a  duplicatura 
of  the  dura  mater  into  the  cavemoat  sinuses. — Those  points  we  ah&U 
examine  presently  in  the  light  of  modern  sciences 
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4.  From  a  general  surrey  of  the  uses  of  the  pitnitary  gland  as  laid 
dowu  by  Swedenborg,  it  appears  that  it  ia  a  place  of  exchange,  a  mart, 
where  the  medullary  aubstauco  of  the  brain  meets  the  tissues  and 
veaseU  of  the  body,  and  where  the  flpirit  of  the  brain  is  finally  pre- 
pared for  a  marriage  with  the  lower  essences  of  the  body,  AH  the 
powers  of  the  brain  thus  concentre  in  the  pituitary  gland,  and  through 
its  mediation  the  riches  of  the  higher  sphere  of  the  brain  are  com- 
municated to  tbe  lower  sphere  of  the  body. 

In  confurmity  with  the  uses  which  are  carried  ou  through  its 
mediation,  the  pituitary  gland  would  thus  seem  to  be  composed  of 
braiu  substance  on  the  one  hand,  and  of  tissues  of  the  body  on  the 
otber.  The  substances  of  the  brain  would  thus  descend  into  the 
pitnitary  gland,  and  the  substances  of  the  body  would  ascend  into  it. 
The  fact  of  this  being  so,  ia  confirmed  beantifully  by  the  hi»tt)ry  of  the 
development  and  formation  of  the  pituitary  gland  in  the  embryo  and 
fetna  For  there  it  is  made  manifest  that  the  gland  ia  the  joint  pro- 
duct of  the  brain  on  the  one  hand,  and  of  an  organic  membrane  of  the 
body  un  the  other  \  the  brain  giving  rise  to  the  posterior  lobe  of  the 
gland,  and  a  membranous  production  arising  from  the  cavity  of  the 
month  furnishing  the  elements  for  the  formation  of  its  anterior  lobe. 

Ou  this  subject  we  read  in  Qwrin^  "The  formation  of  the  pituitary 
bfxly  may  bo  shortly  described  03  consisting  in  the  meeting  and  com- 
bination of  two  outgrowths  from  very  different  fundamental  parts  ; 
one  cerebral  or  medullary  from  above,  and  the  other  corneous  or  epi- 
blastic  {rjlandular)  from  below,  in  a  recess  of  the  cranial  basis  which 
afterwards  becomes  the  pituitary  fossa.  The  cerebral  outgrowth,  the 
posterior  of  the  two  parts,  takes  place  by  tbe  formation  of  a  pointed 
prtijection  downwards  of  a  portion  of  tlm  lower  medullary  virall  of  the 
vesicle  of  the  third  ventricle,  and  its  firm  adhesion  to  the  liase  of  tbe 
cranium.  This  is  the  commencement  of  the  infundibulum.  Mean- 
while, a  little  in  front  of  the  same  place,  there  is  projected  upwards 
from  below  a  part  of  the  basilar  surface  of  the  cranium,  so  as  to  form 
a  deep  recess  lined  by  the  corneous  layer  from  the  back  and  upper 
part  of  the  future  mouth.  .  .  .  The  flask-like  outgrowth  of  tlie  buccal 
epiblast,  which  gives  rise  to  the  hypophysis  cerebri,  is  now  gradually 
abut  ofit  from  the  corneous  layer  and  cavity  of  tlie  mouth,  (irst  by  the 
constriction,  and  subsequently  by  the  closure  of  its  place  of  commnni- 
cation.  There  remains,  however,  for  a  considerable  time,  a  Inngish 
thread  of  union  between  the  two.  The  epithelium  of  tbe  enclosed 
portion  subsoquently  undergoes  development  into  glandular  CGCca  and 
^  "Elcouats  of  Anatomy."    EiuuTU  EuitioK.    Vol  ii.,  pp.  736.  737. 
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cell-corda,  and  its  internal  cavity  becomes  gradually  obliterated.  TWa 
forms  the  anterior  part  or  lobe  of  the  pituitary  body.  The  poeterior 
]tart  owes  iU  origin  to  the  combination  with  mesoblaatic  tissue,  of  a 
widened  extension  of  the  infundibular  process  of  the  brain,  which  is 
thrust  in  between  the  sac  of  the  pituitary  body  and  the  dorsum 
sellae.  The  nervous  structure  of  this  posterior  lobe  afterwards  dia- 
appears  in  the  higher  uniuiaU,  but  in  the  lower  it  retains  its  place  as 
a  part  of  the  brain," 

From  Mikalkofiic*  *  we  add  the  following  particulan* :  "  The 
development  of  the  anterior  lobe  of  the  pituitary  ^ilaud  is  a  litllft 
more  complicated.  It  will  be  useful,  therefore,  to  diBtinguiah  in  its 
development  the  following  stages :  (a)  the  transformation  of  the 
epithelium  of  the  buccal  aivjty  into  a  pocket ;  {b)  the  pinching  off 
of  this  j>ocket  from  the  epithelium  of  the  cavity  of  the  mouth ;  and 
(c)  the  development  of  glandular  productions  in  the  shape  of  tubes 
or  cceca  out  of  the  epithelium  of  the  parietes  of  the  pocket.  .  .  . 
During  the  constriction  of  the  little  pocket,  tubular  formations  of 
epithelinn^,  from  the  inner  wall  of  the  pocket,  shoot  forth  into  iho 
vascular  connective  tissue  by  which  it  is  surrounded.  .  .  .  This  forma- 
tion of  epithelial  tubes  is  caused  througli  branches  of  tlie  interior 
carotids  intertwining  the  Little  pocket  in  a  net-like  foabion ;  so  that 
the  epithelium  during  its  increase  is  comiiellcd  to  grow  into  tabuUr 
forms.  These  tubes  are  afterwards  pinched  off  from  their  native 
soil  by  vessels;  they  ramify,  and  by  their  ramiticalions  constitute 
the  anterior  lobe  of  the  pituitary  ghind.  The  posterior  lobe  la 
developed  out  of  the  process  of  the  infnndibulum.  It  is  a  j)rojcction 
of  ihe  basis  of  the  mesencephalon,  which  among  the  lower  vertebruta 
continues  its  nervous  structure  into  the  adult  stage,  but  among  thd 
higher  vertebrata,  by  the  intrusion  and  spread  of  tissues  derived  from 
the  piu  mater,  is  changed  into  an  appendage  of  the  central  nerroua 
Byatem,  consisting  of  connective  tissue. " 


A  Motion  of  ihe  Pituitary  Gland, 


fi.  The  pituitary  ghind  is  enabled  to  carry  on  its  multiform  fanctioiia 
by  an  alternate  expansion  and  constriction  of  its  Ixxly,  which  is  syn- 
chronous with  the  movements  of  the  brain.  Concerning  this  motiLin 
Swedenborg  says,  *'  The  pituitary  gland  does  not  seem  to  bo  moved  by 

*  **  EaturlokelungagcschichU  dei  Ottbirat."    Ulpyig,  )ff77s  p.  69. 
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an  active  principle,  lilce  the  cerebrum  and  cerebellam,  that  ia,  \>y  a 
certain  corter  or  cineritious  substance.  For  it  is  outside  the  brain, 
and  receives  its  fibres  from  thence ;  perchance  aUo  from  the  branch  of 
some  nerve,  and  it  doe^  not  create  its  own  fibre"  (no.  594),  The 
motion  of  the  gland,  he  further  states,  follows,  as  a  consequence, 
"from  the  cavities  and  follicles  which  are  lu  the  gland  itself  [the 
anterior  lobe],  and  in  its  appendage  [its  posterior  lobe] ;  likewise 
from  the  distance  and  space  between  the  gland  and  the  wall  of  the 
sella.'  Aj^ain  he  saya,  '*It  follows  from  the  fact  of  the  gland  beini; 
attached  with  its  roof  to  the  dura  mater,  so  as  to  be  hold  auspendeil, 
and  in  the  capacity  of  swelling"  (ibid.), 

iludem  science  fully  agrees  with  Swedenborg's  statement  as  to  the 
fact  of  the  pituitary  gland  being  held  suspended,  and  tlius  in  tlie 
capacity  of  swelling.  Key  and  Itetziua*  show  in  addition  that  the 
upper  surface  of  the  gland  b  attached  to  the  dura  mater  only  around 
the  edges,  while  in  the  middle  there  is  a  subarachnoidal  space  left, 
which,  in  accordance  with  tlie  motion  of  the  gland,  would  alternately 
be  either  filled  with,  or  emptied  of  cerebrospinal  liquid;  thus  assist- 
ing materially  in  the  motion  of  the  organ.  Their  language  is  as  follows  : 
"Just  as  the  hypophysis. — pituitary  gland — on  its  upper  surface  has 
a  subarachnoidal  space  completely  filled  with  cerebro-epinal  liquid,  so 
at  its  lower  surface  it  has  a  broad  vonoua  sinus — the  inferior  transverse 
sinus  or  sinus  intercavemosuj  inferior  {HenU) — which  on  either  side 
passes  over  into  the  sinus  cavernoeus.  .  .  .  The  fact  of  the  hypo- 
physis lying  thus  imbedded  between  a  serous  cistern  and  a  Tenons 
sinus  is  no  doubt  a  matter  of  interest,  and  it  even  seems  to  us  to 
increase  the  peculiarity  of  this  enigmatical  organ."  This  peculiarity 
vanishes  us  soon  as  it  is  admitted  that  the  gland  hiui  its  regular 
movements  of  expansion  and  constriction,  which  movements  are 
materially  assisted  by  the  displacement  and  rushing  in  of  a  liquid  into 
the  spaces  mentioned.  Modem  science  also  has  fully  established  and 
confirmed  the  fact  of  the  existence  of  a  central  cavity  or  canal  in  the 
interior  of  the  glaud ;  which  canal,  with  its  various  ramifications,  has 
been  moat  minutely  described  and  delineated  by  Perettietchkot  and  also 
by  Supotini,     (See  below,  no.  17.) 

G.  Fur  the  expansion  and  constriction  of  the  pituitary  gland,  how- 
ever, Swedenborg  accounts  in  a  twofold  way.  In  his  later  work  on 
the  bruin,  he  states  that  *'  from  delicate  arterial  shoots  there  is  born 
and  produced  a  muscular  or  motor  fibre  which  constitutes  the  greater 

*  Key  fAxeI)&nd  Retziua  (Gustikf).  **Studien  in  der  Anatomte  du  Kerven- 
iystenu  und  des  Bindag«webM."    Stockholm,  1S7& ;  vol.  i.,  p.  97. 
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part  of  the  po&tcrior  lobe,  and  also  some  portions  of  the  anterior  lobe, 
arid  Hiirs  its  body  into  its  own  diminutive  little  motions  "  (i&w2.). 

In  bis  earlier  work  on  the  same  subject,  he  explains  this  motion  by 
the  cxpitnsion  and  contraction  of  the  smaller  arteries  with  \^'hich,  like 
other  glands,  the  pituitary  glund  is  richly  supplied.  Hesays,  "  For  the 
jmtdnction  of  muscular  action  there  is  required  an  influx  of  arterial  blood, 
and  a  reflux  uf  urttrial  as  well  as  of  veuuus  bluod ;  further,  there  is 
needed  a  nerve  with  it^  fibros  which  adjoiuH  itt«elf  to  the  little  arteries. 
Both  arc  present  in  the  pituitary  gland.  Innumerable  vessels  Sow  in 
from  the  carotid  which  lies  very  near,  and  stretdies  along  its  shorter 
side.  .  .  .  Thut  a  few  ven*ms  vessels  depart  thence  into  the  membrane, 
which  holds  the  place  of  a  perioeteum,  and  that  afterwards  these 
vMaels  are  carried  into  the  inferior  transverse  and  superior  circular 
[i.f.,  the  intercavernouj*]  sinuses,  and  partly  also  into  the  substance  of 
the  sphenoid  bone  in  tlie  direction  of  the  lateral  sinuses,  has  been 
pointed  out  above.  .  .  .  But  as  regards  the  nerves,  all  aotbora  confirm 
that  the  pituitary  gland  is  approached  by  branches  of  the  Ufib  and 
sixth  pairs  "  (no.  602t).  The  iiuxluf  ojttrandi,  h«iwever,  by  which  the 
motion  of  the  pituitary  gland  is  brought  about  in  this  latter  case, 
Swedenborg  explains  as  follows  :  *'  When  the  cerebrum  con&tricts  it»elfi 
the  little  ganglion  i if  the  nerve  [supplying  the  pituitary  gUnd]  acts 
u\tox\  the  gland  or  its  little  arteries,  constricting  them,  and  also  ex- 
pelling the  b1ot>d  thcrefrum.  For  when  the  brain  is  constricted,  the 
carotid  is  expanded,  according  to  the  general  rule,  that  a  reflux  of 
arterial  blood  takes  place  into  this  vessel,  when,  that  is,  the  luuscle  or 
the  gland  are  deprived  of  this  blood.  On  the  contrary,  however,  when 
th«  brain  is  exjtanded,  or  the  carotid  is  constricted,  the  blood  is  ex- 
pressed into  the  glund  and  expands  the  same ;  and  thus  it  fills  with 
bhx^d  the  vossela  wiucbv  daring  the  period  of  constriction,  have  been 
deprived  of  the  same  "  (no.  601^'). 

7.  That  both  sources  of  motion  exist  in  the  pituitary  gland,  the 
former  in  its  posterior,  and  the  latter  in  its  anterior  lobe,  is  capabln 
of  being  proved  by  mt>dem  investigations.  In  rssfiect  to  the  former 
source  of  motion,  Swedenborg  says  thtit  "a  mnscuUr  or  motory  fibre 
is  produced  froui  delicate  arterial  shoots"  in  the  posterior  lobe  of  the 
gliind,  and  "  constitutes  the  greater  part  of  the  Aame." 

Ilic  rauscuUr  fibres  iu  this  cise,  we  maintain,  are  those  of  "  plain  or 
unstriped  uiUHCular  tiriHuc,"  which,  accorviing  tu  Quain,'  ''is  made  up 
of  cells,  named  contradiie  jibrf-frllt."  Theae  fibre-cells,  he  further 
atatea,    *'  may  form    fibrous    bundlcji,   and  strata,   or   may   be   less 

^  **  Anatomr."  voL  ii..  p   lift.     Eiunru  Eomus,  lS7tf. 
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reguUrlj  arranged,  or  miied  with  other  tissues  in  greater  or  lew  jin>- 
(lortioii.  Tbey  are  of  an  ulongated  fugiform  shape,  usually  (tDinted  at 
the  end  :"  and  *'each  boa  a  unclcus,  mrely  more  than  one,  vrbich  is 
always  elongated,  aud  either  oval  or  rod-shajied/'  Fihre-cetls  of  this 
description  exist  in  great  abundance  in  tho  [xiAterior  lobe  of  the 
|iitaitary  gland,  according  to  the  testimony  of  W.  Miiller  and 
others. 

W.  Miiller  1  states  as  the  result  of  his  examinations,  that  in  newly- 
born  babes  the  process  of  the  infundibuluni,  which  t^  continuous  with  tho 
posterior  lobe  of  the  gland  "  is  uniformly  formed,  to  a  small  extent, 
of  ruundish  cells,  and  to  a  larger  extent  of  fiui/orm  celU  with  elliptical 
nuclei,  0,005  mm.  in  thickness,  and  0,015  mm.  in  length.  .  ,  .  Those 
cells  arc  cullected  into  regular  fiisctcles  which  dccusaat^  in  many  places, 
not  unlike  the  cells  in  fusiform  sarcomas,  i.e.  flesh-tamuurs.  Vessels 
from  the  surounding  pia  enter  into  the  part,  forming  a  luose  capillary 
net  arranged  chiefly  in  rhombuidal  meshes."  A  .similar  state  of 
things,  only  with  the  muscular  elements  still  more  developed,  he  found 
in  adults.  He  says,  *'  The  bulk  of  the  processus  infundibuli 
[which  is  continued  into  the  posterior  lobe]  in  man,  as  well  m  in  the 
pig  and  the  dog,  is  formed  of  fibrillary  connective-tia»ue,  which  abounds 
lu  round  and  fusiform  cvlL-^,  and  partly  also  in  ramified  cells,  which  are 
strewn  between.  This  tissue  is  gathered  up  into  bundles ;  and 
these,  as  is  the  case  in  fusiform  sarcomas,  decussate  in  various 
directions." 

These  same  "fusifonn  cells  "  are  noticed  by  Frty^  in  the  posterior 
lube  of  the  gland.  He  says,  '*  In  the  smaller  posterior  ]iart,  which  is 
greyish  in  colour,  we  meet,  in  a  connective-tissue  substratum,  with  fine 
isolated  nerve  tubes,  celli*  resembling  ganglion  corpuscles,  a  quantity 
of  «U8tent4wular  connective-tissue,  wilh/Wi/i'»'m  c^tltf  and  blood-vessols, 
but  no  glandular  tissue." 

Prrmu^Mo^  f.a.y&  that  '*  fusiform  cells,"  itf  the  kind  which  ho  defines 
as  **  fusiform  connective-tissue  cells,"  are  contained  in  the  posterior  lobe 
in  large  quantity,  and  that** in  teased  preparations  they  appear 
collected  in  small  heaps." 

*  U'ilhelm  Mtillcr.  *"  Ueber  KntwickeluDg  und  Bau  dor  Hypophynifl  nnd  d«i 
prDC«B4Us  infundibuh  cerebri. "  In  "Jenauche  ZeitachrtJl  lur  Mediciu  und 
Naturwifls«aschaft."    Leipzig,  ISTti;  p.  410,  etc. 

*  Frey(rrof.  IT.).  "The  HiMolog^'iLnd  Ili-itochemistry  of  Man,"tnui8Ut«d 
frnRi  tho  lourtli  Gertiiau  e^litioo  by  Arthur  E.  J.  Barker,  and  revised  by  tho 
author.     Loudon,  1S74  ;  p.  44G,  }  238. 

■  Percra«achko  (Dr.).  •*  Uober  den  Bau  dc»  Iltniauhangt/'  in  Virchow'i 
••Arohiv,*'etc.,  Bd.  xxxviii.    (Dritte  Folge,  Bd.  vili.).    Heft  3.    Berlin,  I fi67. 
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8.  These  fuhiform,  i.*.,  muscular  fibre-cells  exist  only  in  tho  posterior, 
ftud  not  in  the  anterior  lolie  of  the  pituitary  gland  ;  wherefore, 
Swedenborg  was  at  fault  where  he  says  that  **  these  muscular  fibres 
constitute  also  some  portions  of  the  anterior  lobe."  And  yet  the 
elements  of  muficuliir  motion  are  not  limited  to  the  posterior  lobe,  but 
exist  also  in  the  anterior  lobe.  There,  however,  the  second  source  of 
muscular  action  wliich  Swcdenborg  suggested  in  his  earlier  work  on 
the  brain  seems  to  l>o  brought  into  requisition,  which  demands  that 
arterial  vessels  ahaJl  institute  a  muscular  action  immediittely  from 
themselves,  without  the  generation  of  any  muscular  fibre-cells. 

For  this  purpose  there  is  required  fir.-*t  of  all  an  abundant  supply  of 
strong  arterial  vessels.  On  this  subject  Swedenborg  says,  "  Innumer- 
able vessels  flow  into  the  gland  from  the  carotids  which  lie  very  close 
to  it  and  which  stretch  along  its  shorter  side.  All  authors  confirm 
this,  except  Willis,  who  instead  of  using  the  word  'innumerable'  aays 
'very  many.*  Vieusacns,  however,  proved  experimentally,  that  there 
is  such  an  arterial  structure  in  all  humiui  pituitary  glands.  In  animals 
where  the  pituitary  glands  are  companitively  Inrger,  and  where  they 
pour  fourth  a  grosser,  and,  at  the  same  time,  a  more  copioudi  juice, 
there  is  added  on  either  side  the  rete  mirabile,  and,  accurding  to 
Ridley,  also  in  front.  Thence  little  arteries  enter  into  the  gland ; 
and  thither  the  refiux  of  blood  takes  place  when  the  gland  contracts 
itself.  The  body  of  the  gland — -the  anterior  lobe — on  this  account 
is  quite  reddish,  and  by  Littre  is  called  its  red  ]>ortioQ  "  (no.  602i). 

Modem  science  fully  bears  out  Swedeuboru^'M  statement  as  to  the 
Tnscular  character  of  tho  pituitary  gland,  especially  of  its  anterior  lubo. 
So  E.  7/.  Eckrr'^  says,  "Tho  pituitary  glund  surpjissea  all  parts  of  the 
brain  and  spinal  cord,  not  only  in  the  size  and  immense  number  of 
blood-vessels,  but  ulso  in  the  size  of  their  diameter.  The  vessels  pass 
into  the  glaud  chietly  out  of  the  infundibulum,  and  from  the  middle 
they  direct  their  course  into  both  lobes.  Other  central  vessels  pa*§ 
into  the  anterior  lobe,  especially  towards  its  circumference.  The 
formation  of  an  extremely  dense  net  takes  ])lace  in  tliis  tanhion,  that 
the  single  larger  vcsseU  wind  themselves  in  a  serpentine  manner,  and 
communicate  with  each  other  by  simple  anastomosea;  only  a  few 
finer  vessels  are  hero  observed," 

The  source  whence  the  pituitary  gland  derives  its  supjily  of  arterial 
blood   is  more  precisely  stated  by    W,    MuUer    and   LutMa,   and 


: 


'  Ecker  (E.   H.).     '*De  cerebri  et  roeduUs  »piaalts  ■yitcmatc  vMorum 
rapUUruin."    Tnijecti  nil  Klieoum,  1 853.  — See  aUo  **8rtimidt*a  JahrhUckor,  * 

oti^'.,  vol.  Ixxxix.,  fi    lul. 
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especially  by  Sapolitii.  W.  Miillfr^^  like  E.  H.  Ecker,  maiutiiins 
tlmt  the  arteries  of  the  gland  '*  etiter  prmcipnily  at  the  upper  end  of 
the  organ,"  and  that  "  they  are  derived  chiefly  from  a  very  copious 
plexus  which  ia  situated  at  the  bottom  of  the  iufundibuium,  and  is 
made  up  of  branches  of  the  carotid*  and  the  bnfiilar  artery."  Ha 
further  eays,  '*  The  arterial  bniuches  in  the  interior  of  the  gland  pass 
over  into  a  net  of  capillaries  of  0,01 — 0,803  mm.  in  width,  which 
entwines  the  glandular  substance  with  meshee  on  an  average  of 
0,03 — O.O-l  mm,  in  width."  Of  the  arterial  supply  in  embryo«  he 
aaya,  "The  arteriea  by  which  the  capillariea  in  the  interior  of  the 
gland  are  supplied,  arose  partly  fr<im  Bniall  branches  entering  the 
giand  from  the  bottom  of  the  sella,  and  partly  from  a  group  of  arteries 
running  in  a  parallel  direction,  which  enter  into  tho  substance  of  the 
gland  from  tho  pia  mater  along  the  conical  production  which  the 
gland  sends  out  in  the  direction  of  the  chiasma  of  the  optical  nerves." 

LiuchJea,^  on  the  other  hand,  declarea  that  ^*a  very  large  supply  of 
blood  ifl  dispatched  towards  the  anterior  lobe  of  the  gland  through 
alender  twigs  of  the  internal  carotid,  which  originate  from  it  chiefly 
during  ita  passage  through  the  cavernous  sinuses ;"  although  he  like- 
wise admita  that  "almost  invariably  also  a  little  twig  departs  from 
the  carotid  during  its  passage  through  the  dura  mater  into  the  cranial 
cavity;  which  little  vessel  climba  up  towards  the  infuudibuluin,  and 
16  divided  into  smaller  veasels  which  partly  descend  into  the  glaud« 
and  partly  ascend  into  the  bottom  of  the  iufundibuium.*'  And  he 
further  saye,  "  Some  blood  also  is  derived  to  the  gland  fnun  the 
delicate  network  which  belongs  to  the  pia  mater  of  the  infundibulam." 

Sapoltni '  agrees  on  the  whole  with  Luschka ;  bat  he  is  more  pre- 
cise and  explicit  in  his  statement  concerning  the  arterial  supply  which 
the  gland  derives  from  the  pia  mater  of  the  infundibulum,  and  he 
9i>ecifies  also  more  clearly  where  and  how  the  "pituitary  artery" 
leaves  the  carotid  in  the  cavernous  siuus.  Concerning  the  arterial 
supply  through  tho  pia  mater  of  the  infundibulumr  he  says,  "  Between 
the  chiasma  of  the  opttc  nerves  and  the  pituitary  fossa  covered  with 
dura  mater,  thure  is  a  very  supple  leaf  of  pia  mater,  in  which  three  or 
four  little   arteries   {lursue   their  winding  course.     The   little   artery 


•  Op.  ciUt,"  p.  *10,  ft  mq. 

'  Luschlia(U.  v.).  **  UerUinukahsaganddivSleiwirtUerBerlia.  1860,4to  j 
p.  46. 

*  SapolinL  "Voir*  de  U  soUe  turcique,"  trsduit  de  I'itolien  par  M.  A. 
Hubert,  etc.  <Jouniat  de  Mcdccine,  daChirnrgic,  ei  de  Pharmacologie,  eto. 
Unixetl£s,  1S79;  p.  202.) 
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vkicfc  b  mutt  'm  wirzfitK  of  tfce  03amc»  dcmvi  iti  onn  fnm 
ofMaWe  vtcry,  |>niMly  aft  iSm  igikr  b«id  wUck  it 
vbta  it  iprii^  Iroai  tke  efefludk  OMtid.  IW  oikcr  Uttla 
•ntm  (torn  ^  ccfialk  mroCid  wUfe  it  k  itm  naAtnwHi  t&e 
alBoU  iiriiniM;  bat  tbej  ilcpaft  £nB  tb6  wsel  beign  it  gives  hixih 
to  tbo  iiiiMMiiMl  Umb  oi  WiQhl  Hw  tkiM  fittle  utvcia^  wUe 
daMvibiag  ibcir  viDdia^  emnm^  sppraAcb  towds  t)w  nidiO^  tfast  h^ 
t««iidi  t^  pfoccM  «!  thft  iafBaidn«liu&,  over  vbidi.  eorerad  «itb  |m 
OMltr,  tlhej  eoatisne  tlm  aerpcotioe  windn^ ;  afUrv«rdi  tkey 
diaib  ap  lo  tbe  ■ffaiMJitwbBB.  Oa  <il«m1i%  kboM  littla  ait^cies 
vadar  a  aa^ifjuig  glaM,  jmi  will  see  tKeai  aabdividtt^  into  Binute 
tmfft ;  aavk^  of  vkieb  tcraiaate  ia  tbe  ▼aacalar  laciabraM^  vbile 
olbenpaoettateittlotiMivoecaaoCtbaiafaadibfilaaL  Tlusacmbnac, 
hamtttt,  ia  alao  mwtlaiMwl  Soto  tbe  gkad.  .  .  .  Tba  paa  taatar  which 
♦acofBpa— ea  the  iittattarf  glaad  is  curered  with  little  winding  artericfl 
end  veii&  I  waa  abk  to  dirtingaiab  dearij  tbe  two  kiada  ol  titIi^ 
by  injectiag  mto  tbe  artenea  a  aolBtioa  ol  caraiiae,  wbetefay  tbe  veiaa 
beoiBie  enlarged  and  aaaomed  a  blackiab  goIaot.  Tbe  aaatoroiM 
vcaaclii  wfaicb  enter  tbe  pia  nkater,  and  laare  that  membcaasi  caaao  it 
to  adhere  irtrj  doaeVjr  to  tbe  pitattar3r  gUad.  Aboat  tba  poaletior 
ibird  of  the  giaod  ibe  pu  niater  clings  itiU  more  dcaelj  to  tbe  gland ; 
by  doublintCr  it  fumu  a  fold  whicb  oorresponda  to  a  foiruw  wbjcb  ia 
imprinted  on  tbe  unrface  of  tbe  gland  ;  for  it  ii  precisely  this  furrow 
wbicb  uiurka  the  divuiou  of  the  gland  into  a  more  Toluminooa 
anr^rior  lobo,  and  into  a  posterior  one  which  is  smaller.  This  furrow 
til  circular,  that  ta»  it  mnt  around  tbe  gland,  and  describes  on  it  a  kind 
of  meridian.  It  is  de«]>**r  than  you  would  suppoae.  Tbe  pia  mater 
aith  iu  veMehi  ]>iusBea  under  tbe  margin  of  tbe  larger  lobe." 

Tbe  pituitary  artery,  and  it«  origin  from  the  carotid  in  the  cavemauH 
siuuH,  8u{K>lini  ^  de»cril>es  as  follows,  "After  the  carotid  baa  effected 
itii  enirunoe  into  tbe  cniniuirii  until  it  luHsea  by  the  anterior  cUnoid 
procesM,  it  oocnpiea  a  long  s^iace  in  the  cavenious  atnoa,  uf  which  it 
^lorras,  ao  to  any,  the  bose^  or  even  the  pavement  During  this  paaaago 
St  keeps  aluug  lite  aide  of  the  pituitary  gland,  but  oocupiea  a  lower 
level  than  the  gland  itaelf.  .  .  .  Wbile  there,  it  gives  off  two  atoms 
which  are  very  reni»rkaV»If  :  one  of  them  rihee  aluiiMt  peri-  '  '  "y 
from   tbe  bctttoni  of  the  po»tcrior  cliiuiul  procras.  .  .  .  Ai  n 

iwrpendicubr  rise  of  about  2  mm.,  it  divides  into  three,  and  ^ometiisfcs 
"  lies.     The  thr-  -  nichra  arc  renmrktiV!    '        '    > 

-U  as  for  their    i  "i,  aitd  for  the  coin  ly 

'  "Op.  dtat,rpr'«>2.313,  31-k 
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nf  their  termLualioD.  These  branches  start  like  bo  many  nya  frutn  a 
c^iitrul  point,  on  which  accuuiit  E  call  them  radiatitig  arterUt.  Let 
us  now*  examine  the  variniia  rays.  .  .  .  From  the  per^teiidicular  stem 
there  is  detached  the  first  urtery  which  is  directed  forwards  and 
inwarcU.  This  is  the  piluitartf  artrry.  It  in  worthy  of  bein^ 
remarked  here  that  this  artery,  from  its  begiuuing  nntit  it  reaches  the 
euvehipos  of  the  pituitary  gluud^  does  not  give  out  a  single  collateral 
branch.  .  .  .  On  arriving  at  the  gland,  it  divides  into  two  disiinct 
arteries.  The  one  glides  under  the  body  of  the  glofid.  The  other 
pursues  a  very  winding  course— it  is  embraced  by  the  fuld  of  the  pia 
mater,  and  places  it&elf  between  the  larger  and  sumiler  lobes  of  the 
pituitary  gland.  At  last  it  penetrates  into  the  gland  itself,  and 
ramifies  in  the  furrow  of  the  pituitary  gbod,  under  the  edge  of  the 
larger  lobe,  which  forms  a  kind  of  hood  over  the  smaller.  I  think  I 
am  justified  in  affirming  that  this  is  the  artery  proper  of  the  pituitary 
gland ;  end  that  the  little  arteries  which  puraue  a  winding  course 
before  entering  into  that  organ,  carry  blood  especially  into  the  larger 
lobe  of  the  gland.  As  thL^  artery  is  constantly  fed  by  the  cavernous 
carotid,   it   is  quite   capable  of   giving  out  a  secretion.     The  otlier 

tery  enters  into  the  pia  mater,  where  it  divides  into  several  little 
nes  which  enter  into  thu  pituitary  gland  from  below.  These 
arteries  embrace  the  sides  of  tiiat  organ,  und  from  what  I  have  been 
able  to  observe,  they  seem  to  spread  over  the  external  reddish  stratum 
of  the  large  lobe." 

9.  Concerning  the  venous  vessels  which  carry  off  the  blood  from 
the  pituitary  glund,  Swedeuborg  says,  **  Venous  capillaries,  springing 
fortli  from  the  ghuid,  pass  out  and  in  through  a  membranous  way  " 
(no.  bOS).  And  again  he  says,  **  A  few  venous  vessels  depart  thence 
into  lliu  membrane  which  holds  the  place  of  a  periosteum  of  the 
gland,  and  afterwards  they  are  carried  into  the  inferior  transverse 
und  the  superior  circular  sinuses,  and  partly  also  into  the  substance 
of  the  sphenoid  bone  in  the  direction  of  the  lateral  sinuses"  (no. 
C04j}. 

MtKlem  science  agrees  as  to  the  abundance  of  venous  vessels  whereby 
the  blood  is  carried  away  from  Hig  gland,  but  different  observers  have 
noticed  them  in  ditFeroitt  parts  of  the  gland,  A/iUfer,^  speaking  of 
the  blood-vc*aeb  iu  embryos,  says,  *'  The  veins  into  which  the 
arterial  capillaries  pass  over,  empty  into  a  demise  plexus  situated  at  the 
fiides  and  alt»o  in  the  bottom  of  the  selhi."  The  same  statement  he 
reiterates  when  speaking  of  the  pituitary  gland  of  adults,  lie  says, 
*  "Op.  ciUt,"  pp.  390,  ^10,  el  uq. 
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"  The  veiuB  empty  into  a  loose  Tenons  plexus  which  encompasses  the 
gland,  and  they  arc  discharged  finally  into  the  cavernous  siunacs." 

This  statement  is  confirmed  by  Laugier^  who  says,  ''The  anasto- 
motic veins  between  the  cavernous  sinuses,  which  are  called  sinu$ 
infrreawmMt,  are  only  parts  of  a  net  spread  out  flat,  which  lines  the 
whole  pituitary  fossa,  and  which,  basket^Iiice,  receives  in  itself  the 
pituitary  gluud.  This  net  consists  of  a  thicker  kind  of  little  tubes 
ficparated  from  one  another  by  small  longitudinal  clcftSj  and  which 
closely  adhere  tu  the  sphenoid  bone,  and  receive  from  it  a  diploic 
veuoua  twig.  Fragments  of  more  delicate  little  tubes  point  out  the 
existence  of  vessels  which  enter  into  this  net  from  Uio  pituitary  gland  " 
(p.  312). 

Luschka^  discovered  some  venous  vessels  which,  emerging  from  the 
interior  of  the  pituitary  gland,  empty  into  tlie  superior  circular  sinus. 
Speaking  of  these  vessels  he  says,  **  The  venous  blood  of  the  pituitary 
gland  ia  mostly  emptied  into  the  sinus  circularis  Kidleyi,  along  the 
inner  side  of  which  there  are  seen  a  number  of  6uo,  roundish,  little 
mouths,  and  on  either  side  of  the  siime  there  is  one  larger  oritice  which 
serves  to  discharge  the  blood  into  the  sinus  cavemnsus." 

Sapolini,^  however,  by  the  experiments  which  he  instituted,  proved 
conclusively  the  existence  of  a  most  direct  intercourse  between  the 
arterial  vessels  of  the  gland  which  are  derived  from  the  carotid,  and 
the  venous  receptacles,  the  cavernous  sinuses  at  the  sides  of  the  gland. 
He  says,  "  In  order  to  give  a  better  account  to  myself  of  the  relations 
which  exist  between  the  venous  and  arterial  systems  of  the  organs  in 
question — those  which  constitute  the  area  of  the  sella  turcica — I  made 
a  preliminary  carmine  injection  of  the  carotid  of  one  side  after  having 
taken  the  precaution  of  isuluting  it  by  tying  the  cephalic  carotid  and 
the  communicating  branch  of  Willis.  I  obtained  the  following 
results :  the  cavernous  sinuses  were  filled  with  the  bluish-black  liquid 
which  I  had  injected.  ...  In  the  anterior  portion  of  the  circular 
sinus  there  was  a  slight  quantity  of  the  injected  liquid  which  spread 
from  the  pommel  of  the  sella  turcica  above  the  carotid  ligament,  and 
bathed  the  anterior  wall  of  the  carotid  where  it  makes  its  last  beud, 
and  where  it  ascends  in  order  to  become  the  cephalic  carotid.  .  .  , 
The  smaller,  round  lobe  of  the  pituitary  gland  was  bathed  in  a  bluish- 


^  Longer  {t^rof.  H.  too).  **Dor  Siaas  CftTemosaa  der  hartea  Uirubaut." 
In  *'l^it2augaberichte  dcr  kaisurl.  Akftdemic  dor  Wusencliaften,"  Wioa, 
1685. 

'  "Op.  cit»t.,'*p.  46,  <<«t^. 

*  **0p.  citai.."p.  flOf». 
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black  liquid  excepting  in  its  upper  pftrt ;  in  the  middle  of  the  pos* 
terior  i>art  of  that  lube  Uie  injected  liquid  was  present  in  a  very  amall 
quantity  J  it  woa  there  in  the  »tme  proportions  as  it  was  also  in  the 
anterior  portion  of  the  large  lobe  of  the  gland,  .  .  .  The  pituitary 
veins  discharge  their  blood  into  the  circular  and  cavernous  sinuses  in 
the  midst  of  which  the  pituitary  gland  is  situated  like  a  snmll  ielund 
Burrounded  with  blood." 

As  to  Swedenborg'H  statement  that  some  venous  vesAcls  "are 
carried  also  into  tbo  substance  of  the  sphenoid  bone  in  the  direction 
of  the  lateral  sinuses,"  this  statement  is  confirmed  abore  by  Langer'fl 
experience,  but  the  whole  of  this  subject  is  examined  more  fully 
below,  in  nos.  18  and  19,  in  the  light  of  modern  science. 

10.  The  entrance  into,  and  the  departure  from,  the  pituitary  gland 
of  an  ample  supply  of  blood-vessels  is  thus  abundantly  verified  *  from 
modem  sources.  It  remains  now  to  be  shown  that  the  muscular 
fibres  in  the  posterior  lobe,  and  the  arterial  Teasels  in  the  anterior 
lobe  of  the  gland  are  regularly  innervated  by  some  nervous  branches, 
whereby  they  are  contracted  and  ex[>anded  in  alternate  periods,  im- 
porting thereby  a  like  motion  to  the  whole  of  the  gland. 

In  his  later  work  on  the  brain,  us  stated  above,  »Swedenborg  derives 
the  motion  of  the  gland  from  the  muscular  fibre-cells  in  the  posterior 
lt»be  of  the  gland,  which  are  innervated  immediately  by  the  brain, 
through  animal  spirit  conveyed  into  the  gland  through  the  pr.>cesa  of 
the  infundibulum.  In  the  same  work  he  speaks  very  cautiously 
about  the  introduction  into  the  gland  of  nervous  fibres  through  the 
mediation  of  some  nerve.  He  sa^'s  merely,  **The  gland  receives 
its  fibres  from  the  brain,  perchance  also  from  the  branch  of  some 
nerve,  and  does  not  create  its  own  fibre  "  (no.  594). 

In  his  earlier  work,  where  he  derives  the  inuHcular  motion  of  the 
gland  immediately  from  arterial  vessels,  ho  describes  more  minutely 
the  channels  through  which  these  vessels  in  the  gland  are  innervated, 
and  on  the  ba^is  of  the  anatomical  experience  of  his  day  he  says,  *'  All 
authors  confirm  that  the  pituitary  gland  is  approached  by  branches  of 
the  fifth  and  sixth  pair  of  nerves,  i.«.,  the  trigeminal  and  abducent 
nerves "  (no.  602i).  And  the  action  of  these  nerves  on  the  arterial 
vessels  he  describes  as  follows:  ** The  muscular  action  of  this  gland 
ftlso  is  strengthened  through  little  branches  of  the  fifth  and  sixth  pairs 
of  nerves  which  almost  at  the  same  place,  where  they  apply  them- 
selves to  tlie  side  of  the  gland,  press  against  the  carotids,  for  this 
purpose,  indeed,  that  they  may  be  able  to  accompany  each  shoot  into 
the  gland  itself  by  pressing  in  a  similar  manner  upon  its  surface,  and 


442 


THE  PITUITARY  GLAND. 


thereby  causing  its  constriction  which  takes  place  ivhenever  the 
curutid  expands  itself.  For  from  the  car<:ttid,  when  it  i8  expanded,  a 
living  force  redounds  upon  the  nervous  fibres  which  accompany  the 
shoots  of  the  vessel,  for  these  6bres  constrict  every  leust  vessel  and 
direct  its  blood  either  back  into  the  artery  which  is  then  ex(ianded, 
or  they  urge  it  into  little  veins — altogether  as  is  the  cjise  with  the 
muscle  of  the  heart,  when  the  aorta,  together  with  the  right  aaric1«, 
is  expanded  and  reacts  upon  the  cardiac  plexus.  For  from  the  living 
motor  force  of  the  nervous  fibres  arises  the  contractile  force  which, 
again,  by  the  inflowing  blood,  causes  the  expansile  force,  all  of  which, 
together  with  the  ratio  and  the  degree  of  the  same,  may  be  proved 
and  known  from  every  muscle  of  the  b<jdy.  This  seems  to  be  the 
reasiju  why  the  above-named  ^>airs  of  nerves  cast  themselves  upon  the 
artery,  and  this  seems  to  be  the  manner  in  which  the  fibres  effect  an 
entrance ;  namely,  with  a  view  of  acting  on  the  blood  they  press  on 
the  surface  of  the  vetwels  "  (no.  640c). 

This  action,  on  the  strength  of  the  anatomical  facts  of  his  day, 
Swedenborg  attributes  to  the  fifth  and  sixth  nerves,  yet  in  a  later 
portiun  of  the  same  argument  he  strongly  queries  whether  this  action 
is  really  due  to  these  two  nerves. 

S|>eaking  of  the  nervous  plexus,  which  attaches  itself  to  the  outer 
surface  of  the  carotid  at  its  entrance  into  the  cranium,  be  doubts  very 
much  wliethor  that  nervous  network  is  really  durived  from  the  ilfdi 
and  sixth  nerves,  as  held  by  the  anatomists  of  hb  day,  and  he  asks 
whether  it  is  not  rather  derived  from  the  grcut  Hynipatlielic  nerve, 
thus  whether  the  sympathetic  nerve  dues  not  really  derive  ita  origin 
from  the  highest  cervical  ganglion,  and  whether,  continuing  its  course 
thence  upwards  into  the  cmnium,  as  is  even  done  by  the  spiuaJ 
uccoswjry  uer^'c,  it  docs  not  in  that  case  rather  terminate  in  thfise 
nerves  than  vice  vtrm  ?  Tlie  connexion  of  the  great  sympathetic  nerve 
witli  the  two  craniul  nerves,  viz.,  tlie  trigeminal  and  abducent  nerves, 
which  is  a  matter  of  ex|»erienoe,  he  argues,  would  be  for  the  purposo 
of  preventing  the  nervous  filaments  of  the  sympathetic  nerve  from 
bursting,  during  a  compreasioti  of  the  animul  spirit,  through  the 
intumescence  of  the  carotids ;  the  excess  of  animal  spirit  in  that  case 
escaping  fnim  the  sympathetic  nerve  into  the  trigeminal  and  aUlucenC 
nerve*.  *'  The  great  ftym[)athetic  ncrvu,*'  ho  contijiaes,  "  is  chiefly 
placed  over  the  liquids  of  the  body,  and  thus  it  superintends  the  dts- 
tribntion  of  the  animal  Hpirit,  t1  ■  'a-s 

i<f  the  remaining  nerx'es,  and  it  i  ^  -loh 

the  blood  u  supplied,  so  that  oU  these  parta  shall  uudorgo  an  altvc* 
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nato  period  of  motion  in  harmoDy  with  the  animation  of  the  braiu* 
lu  order,  tberefore^  that  this  tierve  sliall  carry  on  its  function,  it  \n 
neceiisary  for  it  to  encomimss  the  carotid  and  accompany  its  branchea 
into  the  pituitary  gland.  .  .  ,  But  whether  the  sympathetic  nerve 
tnuiijmitA  into  the  pituitary  gland  separately  any  nervous  fibres  which 
have  become  loosened  from  ita  trunk,  in  order  that  afterwards  they 
may  become  attached  there  to  the  vo&sels  in  the  gland ;  this  wiU  have 
to  be  decided  by  experience.  I»  for  my  part,  entertain  very  serious 
doubts  whether  any  tibrcs  enter  the  [>land  at  all  from  the  sixth  and 
6fth  pairs  of  nerves,  and  I  am  ratlier  of  the  opinion  that  they  are 
disimtched  thither  from  the  carotid  plexus." 

In  his  later  work,  entitled  tho  *' Economy  of  the  Animal  Kingdom,*' 
from  which  we  introduce,  into  the  present  work  on  the  "  Brain,"  the 
chapter  on  the  "Great  Sympathetic  Nerve,"  he  corroborates  the 
statement  just  quoted  in  these  words:  **  Into  the  fifth  piiir  of  nerve-% 
and  at  the  same  time  into  the  sixth  pair,  flows  our  great  sympathetic 
nerve,  but  not  vice  versa;  ht<nce  through  the  medium  of  these  nervea 
tho  ^at  sympathetic  is  able  to  communicate  an  abundance  of  its 
spirituous  liquid  to  all  the  nerves  of  the  bead.  .  .  .  That  the  great 
sympathetic  flows  into  the  fifth  and  sixth  pairs  of  nerves,  but  not  con- 
versely, may  be  inferred  frutu  the  fact  that  it  is  not  continued  from 
thusu  nerves,  but  flows  into  them  at  a  very  acute  angle,  being  like  a 
t  upon  them"  (*'  Braiu,**  L,  no.  87^). 

Among  modem  authors  there  are  two,  J.  Engel  and  Sapolini,  who 
still  maintain  that  the  sixth  nerve,  in  conjunction  with  the  sympathetic, 
sends  tibres  into  the  pituitary  gland.  Engti^  says,  '*  From  the  plexus- 
like  unfolding  of  the  K.  abducent  [in  the  cavernous  sinuses]  a  delicate 
nervous  thread  starts  tnwurds  the  third  curve  of  the  canitid,  wheru  it 
meetB  with  a  nerve  which  has  jui^t  left  the  cavernous  plexus.  After 
bect»ming  united  with  it,  the  combined  branch  climbs  over  the  above- 
named  curve  of  the  carotid,  and  pursues  its  course  towards  the  upper 
surface  of  the  pituitary  ghind."  Here,  however,  the  observer  lost 
tho  nerve  out  of  sight. 

Sapolini^  say!*,  '* The  cavernous  plexus  is  formed  of  small  threads 
of  the  internal  nervous  branch  which  starts  from  the  su]>erior  cervic-ul 
ganglion.  The  threads  of  that  ptexns  are  intertwined  with  the 
threads  of  the  carotid  plexus,  whence  proceed  the  nervous  filaments 
which   paaA   along   the   pituitary   arteries,  and    which,    after   having 

'  Engel  (J.)-     '*D«ber  dan  Hinianhang  and  den  Tricht«>r."    Inaugural 
DinKertAtioti.     Wien.  1839. 
»  *'Opcitftt..-  p.  314. 
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embraced  the  surface  of  the  pituitary  gland,  penetrate  luto  the  very 
tisfluc  of  that  body,  and  preserve  there  the  vegetative  life.  But  a 
different  order  of  nerves  approaches  likewise  the  pituitary  body,  and 
this  I  am  able  to  affirm  with  certainty,  because  I  have  seen  those 
nerves  in  my  preparations,  and  have  followed  their  course.  The 
anatomists  declare  that  from  the  extamal  and  internal  branches  of 
the  superior  cervical  ganglion  there  are  detached  several  nervous  threads 
which  ana.Htomo8e  with  the  nerve  of  the  sixth  pair,  or  the  external 
motor  nerve  of  the  eye.  This  is  very  true ;  but  it  is  also  true  that 
from  this  latter  nerve  there  are  derived  nervous  filamenta  which  are 
about  to  anastomose  with  the  two  branches  of  the  sympathetic  nerve 
of  which  I  have  just  spoken ;  and  those  nervous  filaments  do  not 
terminate  there,  but  tbey  continue  their  ways,  pressed  against  the 
pituitary  arteries,  and  they  provide  for  their  intimate  intoratitial 
movements"  (no.  640(/). 

SapoUni's  testimony  tliat  nervous  filaments,  whether  of  the  sym- 
]tuthetic  or  any  other  nerve,  accompany  the  pituitary  arteries  into 
the  pituitary  gland,  and  provide  for  the  **  interstitial  movements"  of  the 
arteries,  and  thereby  of  the  gland,  is  very  important :  for  he  proves 
precisely  what  Swedeuborg  says  is  wanted  for  demonstrating  the 
motion  of  the  pituitary  gland  aa  a  whole. 

The  nervous  threads  of  the  sixth  nerve,  Sapolini  suggests  (he  does 
not  say  it  positively),  are  required  in  order  to  cause  the  alternate 
expansion  and  contraction  of  a  sphincter  which  be  discovered  in  the 
basis  of  the  processus  infundibuli«  The  discovery  of  this  sphincter, 
which  we  shall  discuss  in  its  proper  place,  is  most  interesting ;  but 
why  the  fibres  of  the  sympathetic  nerve  should  be  sufficient  for  inner- 
vating the  arterial  vessels  and  causing  their  expansion  and  contraction, 
and  why  they  should  be  insufficient  for  opening  and  shutting  a 
sj>hinctor;  and  why  for  the  opening  and  shutting  of  a  sphincter  which 
is  entirely  independent  of  any  voluntary  action  on  the  part  of  man, 
there  should  be  required  a  voluntary  motor  nerve — all  this  seems  to 
us  somewhat  incongruous. 

A  priori,  therefore,  we  are,  with  Swedenborg,  inclined  to  doubt 
that  "any  fibres  enter  the  gland  at  all  from  the  sixth  and  fifth  pairs 
of  nerves,  but  are  rather  of  the  opinion  that  these  fibres  are  dispatched 
thither  from  the  carotid  or  cavernous  plexuses."  Still,  since  Swedisn- 
borg  himself  adda^  that  *'  this  will  have  to  be  decided  by  experience," 
J9te  shall  examine  the  i>articular  experience  of  Kngel  and  Sapolini  in 

le  light  of  the  collective  experience  of  m'xtern  science, 

fiwedenborg's  strong  surmise  that  ail  the  nervoua  fibres  which  snter 
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into  the  gland  arc  derived  from  tlic  great  sympathetic  nerve,  and 
none  from  the  trigeminal  and  abducent  nerves,  is  corroborated  by 
Foninna^'^  Hibrs,^  liork,^  and  Lxtsrhhi.^  While  others,  as  for  instance, 
£atin^^  iioutfjt^ry,^  hliracJiffUl^'^  go  en  far  as  to  regard  the  pituitary 
gland  as  the  cranial  or  cephalic  ganglion  of  the  great  sympathetic 
uene.  Bourgery  does  so  exjireMly  uu  the  ground  of  the  many  nervoufi 
fibres  which  enter  from  the  cavernous  plexusea  into  the  pituitary 
gland. 

Still  all  this  does  not  refute  the  very  p<^)3itive  declaration  of  Sopolini 
that  in  addition  to  fibres  from  the  HymiMithetic  nerve^  "a  different 
order  of  nerves — fibres  from  the  sixth  nerve  or  from  the  extenml 
motor  nerve  of  the  eye — likewise  approach  the  pituitary  body."  In 
order  to  settle  this  disputed  point,  RoteniheU^  prepared  portions  uf 
nerves  from  the  caverm^us  plexus  iu  a  most  careful  manner  for  micro- 
scopical investigation  ;  and  the  n^sult  of  his  observation  is  as  follows  : 
"So  far  as  the  connection  of  the  sympathetic  nerve  with  the  abducent 
nerve  is  concerned,  I  found  that  from  the  interior,  as  well  as  from  the 
exterior  carotid  plexus,  fascicles  of  equal  size  associate  with  the  above- 
named  cranial  nerve.  Farther,  tliat  a  portion  of  these  fibrous  fascicles 
rompany  the  abducent  nerve  beyond  the  reach  of  the  cavernous 
us;  while  the  rest  of  these  fibres,  after  a  short  course,  separate 
ngaiii  from  that  nerve,  and  indeed  constantly,  in  order  to  seek  the 
fibrous  fascicles  of  the  common  oculo-motor  nerve  which  is  situated  in 
a  median  position  ;  and,  in  company  with  these  fascicles,  they  likewise 
foUuw  in  an  anterior  direction."  While,  therefore,  Rosenthal  admits 
whtit  is  universally  set  forth  in  our  text-books,  namely,  that  there  is 


*  Cfr.  "M.  (•irAnli.  do  Nervo  Intercottali."  (Ladwig,  Scnptores  noiiro- 
logict  minores.  Torn,  iii.,  p.  85.) 

'  Uibea  <F.},  in  "M^moiret  de  U  Socirte  Medicale  d'Emuhitioa,'*  toI.  vii., 
p.  117. 

'  Bock  {C,  A.).  "Bcsc-hreibang  dea  fiinften  HirDDerrenpuu-es  ond  eeincr 
A'eibindungeu  init  anderea  Ner%'eD,  vorzUglich  uiit  dem  Gangliensyatomc," 
Meissen,  1817.  fol.;  p.  GO. 

*  *'0p.  citat.,"p.  49. 

*  Hacin.  "Sur  leganglinn  cephali()ue,  dit  gluide  pituit&ire,"  etc.  (Comptet 
Rendna  de  rAcAdi'-mie  des  Sciences,  Tome  is.  1839.) 

*  Bourgery.  "  L'origine  crinienne  da  grand  sympathtqae,"  (Gaxotte 
medicale  de  Paris,  184A  ) 

'  Hiiachfeld  (L.).  *'  Ni'-nrologie  et  Ethciiologie,**  etc.  Seconde  ^dit.  Paris, 
1380 :  p  \m, 

*  HoseuLhuI  (L.).  *'Ueber  Nerrea&aact^nioseD  im  Borejche  des  Sinus 
oaveruostis."  (SitenngsbcricUte  d.  k.  Akad.  d.  WUseosch.,  Wien,  1878 1 
IxxrlL,  p.  96.) 
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»n  anctstomosia  between  tlie  sympathetic  and  the  abducent  and 
common  oculo-motor  nerves,  be  i«  very  positive  that  the  niiiistomosed 
nerves  leave  the  cavernous  sinU3  in  an  anterior  direction,  and  do  not 
turn  aside  into  the  pituitary  gland.  His  microBcopical  drawings  show 
this  in  a  convincing  manner. 

Of  all  the  anatomical  obHervens  quoted  above,  h^t^chka  '  is  the  tinly 
one  who  actually  traced  sympathetic  fibres  from  the  carotid  plexus 
into  the  interior  of  the  pituitary  gland. 

The  minute  account  of  his  eiamluation  ia  a.^  follows :  '*  On  the  basis 
nf  a  not  inconsiderable  number  of  investigations,  T  feel  compelled  to 
declare  in  favour  of  the  views  of  those  who  maintain  that  nervons 
threads  depart  from  the  carotid  plexus  into  the  interior  of  the  human 
pituitary  gland,  and  indeed  into  its  anterior  lobe.  The  extremely 
flelicate  little  twigs,  whicli  consist  only  of  a  few  primitive  tubes,  make 
tlieir  Wiiy  through  some  of  those  fibrous  tral>eculm  which  run  across 
the  cavernous  sinuses.  The  place  of  departure  of  the  nerves  frnm  the 
carotid  plexus  I  found  to  be  almost  regularly  on  tlie  inner  side  of  the 
third  curve  of  the  internal  carotid.  The  tlireadu  always  are  only  very 
few  in  number,  not  more  than  two  or  three  on  each  aide.  ...  In 
some  places,  here  and  there,  tliey  produce  sheaths  very  large  in  pro- 
portiim  for  single  primitive  lubes,  or  for  only  a  few  such  tubes  lying 
loosely  together.  During  the  passage  of  the  nervous  tubes  into  the 
anterior  lobe  of  the  pituitary  gland,  these  fibrous  sheutha  are  first  losit 
in  the  cuticular  envehtpe,  which  is  fnnned  of  a  continuation  of  the 
ondo-cranium  \}.f.^  of  pia  mator] ;  while  the  little  nervous  tubes  them- 
selves firut  of  all  enter  into  the  membrane  which  encloses  immediately 
the  parenchyma  of  the  gland,  in  order  to  nitdergo  in  It  here  and  there 
n  process  of  ramification  which  requires  a  divisitm  of  the  tubes.  This 
immediate  membrannu:^  coating  of  the  parenchyma  can  easily  bo 
isolated  in  larger  or  smaller  portions  in  preparations  steeped  in  chromic 
acid,  and  when  it  is  thus  separated,  it  can  be  tested  as  to  any  nerves 
which  it  may  contain.  From  thi4  membrane  the  little  tubes  dip  into 
the  glandular  substance  proper,  bat  on  account  of  their  small  uumbers 
they  are  diflicult  to  find  ;  only  in  a  few  lucky  cuttings  they  can  be 
traced  for  some  distance  into  the  ^ustentaculur  connective-tissue.  In 
spite  of  all  my  efforts,  I  have  not  been  able  thus  far  to  arrive  lU  any 
certainty  in  reepoct  to  the  termination  of  the  nervous  tubes^  and  I 
must  BO  far  content  mvbelf  with  this  result,  still  worthy  of  notice, 
namely,  that,  at  all  events,  nervuus  elcmeula  are  introduced  into  Iho 
parenchyma  of  the  gland.'* 

>  "Op.  cit»t./*p.  40. 
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Hmle^  also  confirms  that  "the  mikroscope  exhibited  to  htm,  in  the 
reticular  tisane  which  is  stretched  out  between  the  carotid  and  the 
pituiUry  giandf  fine  fascicles  of  nervous  fibres,  the  sftme  of  which 
Lu8clik:i  decUreti  that  from  two  or  tliree  on  each  side  dip  mto  the 
anterior  lobo  of  the  pituitary  gland." 

If  now  wo  recapitulate  the  results  of  modern  science  conccniiiig  Oie 
nervous  fibres,  which  enter  into  the  pituitary  gUnd,  we  leani  that 
these  fibres  enter  into  the  gland  by  two  ways — (1)  as  shown  by 
Sapolini,  f>yrni>athotio  nerves  from  the  carotid  plexus  uccomjiaiiy  the 
pituitary  arteries  into  the  interior  of  tlte  pituitary  glund ;  auiL  (3) 
independent  nervoos  fibres  from  the  carotid  plexus,  as  observed  by 
Luschka,  Uetile,  and  others,  likewise  enter  into  the  interior  of  the 
gland.  According  to  Swedenborg,  the  object  of  these  fibres,  certainly 
of  tliose  which  arc  carried  into  the  gland  thnmgh  the  instrumentality 
of  the  pituitary  ai-teric^  is  to  cause  an  exi>ansile  and  contractile 
mution  of  the  little  arteries,  which  are  distributed  profusely  through 
the  anterior  lobe  of  the  gland,  and  thereby  to  cause  a  similar  motion 
of  the  entire  anterior  lobe  ]  while  some  uf  the  independent  nervous 
fibres  perhaps  are  utilized  in  superintending  the  oi>ening  and  shutting 
of  the  sphincter  in  the  base  of  the  processus  infundibuli.  The  mu-t- 
ouhir  fibre-celU  in  the  posterior  lobe  of  the  gland,  uu  the  other  haitd, 
are  innervated  by  the  brain  immediately  through  cerebral  fibres 
entering  the  gland  through  the  infundibulum.  Tliia  will  now  be 
shown  in  the  light  of  modem  science. 


J.   Tfu  First  Fluid  excrettdfrom  the  Pituitary  Gland. 

\\.  In  his  earlier  work  on  the  brain,  in  speaking  uf  the  various 
fluids  which  are  excreted  from  the  pituitary  gland,  Swedenborg  does 
not  yet  distintifuish,  as  to  degree,  between  the  fluids  of  the  fint 
and  second  order,  that  is,  between  the  animal  spirit  and  the  spirituous 
lymph  of  the  brain,  which  are  despatched  into  the  blood  by  the 
pituitary  glatul  j  but  he  classes  them  both  indiscriminately  under  the 
latter  term.  In  his  later  work  on  the  brain  only,  in  treating  of  the 
pituitary  gland,  ho  calls  attention  to  the  animal  spirit,  to  the  fluid  of 
i\i^  first  order,  OS  distinct  from  the  spirituous  lymph,  the  fluid  of  the 
SKcnd  order. 

Again,  in  his  first  work,  he  derives  all  the  muscular  power  of  the 


'  Hcnl«  (J.  I.     Hindbtich  dcmyitcniatiachea  Anatomic  *\vm  MenBcben, 
iii.,  Abtlt.  2  ;  die  XcrvenlcKre  ;  BnunschweLg,  1873  ;  p.  567. 
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pituitary  gland  from  the  fifth  and  sixth  pairs  of  nerves,  or  respectively 
from  the  gretit  sympathetic  nerve ;  while  in  his  second  work  he  ignores 
almost  altogether  this  source  of  innervation,  and  declares  that  the 
nervous  force  of  the  gland  is  obtained  from  the  fibre  of  the  brain 
which  is  continued  into  the  gland  through  the  infundibulum. 

An  uncertainty  in  facta  naturally  begets  an  uncertainty  in  the 
theory  based  on  «uch  facta.  The  facts  of  science,  at  Swedenborg's 
time,  were  by  no  means  sufficient  to  enable  him  to  settle  definitely  the 
source  whence  the  pituitary  gland  derives  all  its  nervous  force;  some 
of  these  facts,  indeed,  were  actually  misleading.  So,  for  instance,  the 
ouatomtcal  anthors  of  his  time  maiutiined  that  nervous  fibres  from 
the  fifth  and  sixth  pairs  of  nerves  entered  into  the  gland  \  while 
fjwedenborg,  on  rational  grounds,  declared  that  the  gland  could  be 
innervated  only  by  fibres  from  the  sympathetic  nerve — and  this 
declaration  of  Swedenborg  has  since  been  verified.  But  in  the  light 
of  the  science  of  his  day  he  was  afterwards  induced  to  look  upon  the 
wholo  uf  this  theory  as  uncertain,  and  basing  himself  on  other  facts 
taught  by  the  science  of  his  day,  he  declared  that  all  the  spirituona  or 
nervouH  force  of  the  gland  is  derived  immediately  from  the  brain. 

The  anatomical  anthorities  of  Swedenborg's  time,  indfed,  led  him 
to  suppose  that  the  fibre  of  the  brain  '*is  abundant  in  the  tumid  belly 
uf  the  infundibulum ;"  that  this  fibre  in  the  processus  infundibuU  "  is 
contracted  into  a  slender  beak,  and  then  again  becomes  diffused 
through  the  pituitary  gland."  On  the  basis  of  these  facta  he  con- 
sidered himself  fully  justified  in  regarding  the  quantity  of  animal 
spirit  conveyed  into  Ihe  pituitary  gland  through  the  instrumentality 
of  this  fibre  as  amply  suf^cient  for  producing  the  muscular  motion  of 
the  gland,  and  at  the  same  time  for  causing  the  animal  «])irit  to  be 
rated  na  one  of  the  three  fluids  which  are  discharged  from  the  gland. 
The  amount  of  fibre  which  enters  the  pituitary  glaud  fri:»m  the  brain 
has  since  been  considerably  reduced  by  modem  science.  For  it  ahow« 
that  the  constitution  of  the  processus  infundibnli  difTers  inatertaUy 
from  what,  at  Swedenborg's  time,  was  supposed  to  be  the  cose. 
Modem  science,  indeed,  does  not  furnish  any  facta  denying  Sweden- 
borg's statement  that  *'  the  pituitary  gland  receives  animal  spirit  from 
the  brain  through  the  fibres  of  the  infundibulum/*  and  that  *'theee 
fibres  do  not  ogiiin  pass  out  of  it,  but  terminate  there,  and  depoait  the 
spirit  which  they  hare  brought  thither;"  nor  has  it  discovered  any 
facts  whereby  to  oppose  Swedenborg's  statement  that  thia  animal 
spirit  innervates  the  muscular  fibre-cells — the  fusif-  "   —in  the 

posterior  lube  of  the  gland;  but  by  reducing  the  '^  ,     t  fibres 
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received  from  the  infundibulurn,  it  shows  the  necessity  of  accounting 
for  the  rauscular  motion  of  Uie  anterior  lobe  of  the  gland  by  8on»e 
other  method,  namely,  by  that  which  Swedenborg  himself  advocated 
in  hia  earlier  work  on  the  brain,  and  which  aftenvard^  he  gave  up  in 
his  later  work,  on  the  ground  apparently  of  insufficient  facts  by  wliich 
to  support  it 

The  facts  of  modern  science  enable  us  to  show  that  Swedenborg  wan 
right,  bnth  in  his  first  and  in  his  second  luductions,  with  regard  to  the 
method  which  nature  follows  in  innervating  the  pituitary  gland ;  only 
the  plan,  which  in  his  first  work  he  advocated  for  the  innervation  of 
the  whole  gland,  has  to  be  limited  to  the  anterior  lobe,  and  that,  by 
which,  in  hw  second  work,  he  accounted  for  the  nervous  action  like- 
wise of  the  whole  gliind,  hns  to  be  oonlined  t*»  the  posterior  lobe. 

The  preaeut  case,  therefore,  is  not  one  where  modern  science  proves 
Swedenborg'a  theory  to  be  wrong ;  but  where,  by  reducing  tn  their 
proper  limits  two  theories  which  he  proposed  at  differetil  tiraea  for  the 
solution  of  the  problem  concerning  the  innervation  of  the  pituitary 
gland,  modem  science  shows  that  in  both  theories  SwedeutK>rg  lighted 
on  esuential  and  true  principles — the  entire  truth  consisting  in  a 
pri>per  harmonising  of  those  two  principles. 

We  shall  now  discuss  the  introduction  of  cerebral  fibres  into  the 
pituitary  gland  by  the  way  of  the  infundibulum. 

12.  Kir»t  of  all  we  slmll  have  to  ]>rove  that  there  are  actually 
cerebral  fibres  in  the  posterior  lobe.  For  although  it  is  universally 
admitted  that  this  lobe  is  a  cerebral  outgrowth,  and  although  in  the 
lower  vortcbrata  its  nervous  ohamcter  is  priiserved  throughout,  it  is 
nevurthelo£H  maintained  that  in  the  higher  vertcbrntu,  and  in  man, 
the  nervous  character  of  the  organ  is  completely  lost,  and  that  it 
conaista  purely  of  connective  tissue. 

MUudhmcs  *  says  on  this  subject,  "  The  p(»sterior  lobe  among  the 
higher  vertebrata  experiences  an  involution  already  during  its  feial 
existence,  and  its  nervous  elements  are  crowded  out  in  a  great  meaRuro 
by  connective-tissue.  .  ,  ,  Tlie  processus  infuudibuli  preserves  its 
embryonal  character  more  in  birds  thiin  in  mammalia ;  for  the  connec- 
tive-tissue tracts  are  los^  luxuriant  in  the  Ciwe  of  the  former,  and 
remuauta  of  the  embryonal  fiirniutive  celU  are  still  preserved  in  the 
moshoH  of  those  tracts.  Among  mammalia,  and  still  more  in  man, 
the  connective-t issue  tracts  are  bo  predominant  that  the  eletnenta  of 
the  ceutrul  nervoua  Bystem   di6api>car  entirely.  .  .  .  Through  these 

>  **  Op.  citat.,"  p.  89. 
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traiusfonuitioDfi  the  poiterior  lobe  appeara  in  the  capacity  of  «  connec- 
tive-tissue appendage  to  the  central  nervous  Bystem." 

The  entire  abseDCd  of  cerobra)  fibres  in  the  pituitao'  gland  is  like- 
wise maintained  by  Hannover '  who  says,  "  1  have  been  uuable  to 
diHCover  any  cerebnil  AbreA  in  any  part  of  the  glund  whatever." 
Farther  by  Grandry  ^  who  declares,  *'  As  to  nervous  eleraenUi  1  have 
never  been  able  to  discover  any  among  the  vesicles  of  the  pituitary 
gland,  either  in  the  fonn  of  nervo-cells,  or  in  that  of  nervous  threads." 
/A'rt/r^  says,  "  Microscopical  investigation  shows  that  the  stem  of  the 
pituitary  gland — the  processus  infundibuli — is  free  of  medullated 
fibres  ;  if  there  are  any  at  all  scattered  ihrougli  tlie  substance  of  the 
hypophysis,  they  are  supplied  to  the  gland  not  through  iU  stem,  but 
tlirough  twigs  of  peripheral  nerves  from  the  carotid  plexus." 

Tliese  fttatemontSj  however,  are  directly  negatived  by  A.  Ecker, 
Virchow,  Kblliker  and  Frey.  JCclrr*  says.  "Delicate,  varicoee 
nervous  fibres,  which  enter  into  the  glsud  thKtugh  the  infnndibuluai, 
pass  through  it^i  posterior  lobe  in  oomjmiiy  with  numerous  fine  blood- 
vessels," and  further,  "both  lobes  of  tlie  gland  are  connected  with  the 
infundibulum,  which  aupplies  nervous  Hbrett  to  the  |KKterior  lobe." 
Virc^ioit^  expresses  himself  as  follows,  "  In  ih©  interior  of  the  infundi- 
bulum  there  is  continued  very  decidedly  the  e|)endyma  of  the  third 
ventricle  which  forms  a  soft,  very  frail  niiiss  rich  in  nncleL  Thia 
moss,  in  its  outer  snrface,  almost  always  glvea  evidence  of  a  very 
scanty  presence  of  nervous  elements.  Among  these  there  are  occa- 
sionally fit\rkb')rder€il  nertie-tuf/c9  which  accomj-aiiy  the  infuudibulum 
from  ubuve  downwards.  Nevertheleis,  I  could  not  oljserve  nervous 
fibres  in  all  cases.  ...  As  to  the  gland  itself  I  noticed  in  the 
posterior  lobe  dark-bordered  nervous  fibres  ;  but  in  the  aniprlor  Ii»be 
never."     Kblliker*  says,  •*  The   posterior  smaller   lubo  conaiiiU  of   a 


'  Ilnnnovcr  (.\.).  "Recherches  mikroekopiques  sur  U  ■ystiuie  nervMqx.'* 
C-»penhagon.  1&I4.  iio. ;  p.  '27.  etc. 

*  Gnuidry  (Dr.  M.).  *'  Mtimoire  lar  Iafltructur«  do.  U  cjxpsalf;  tumtuile  d« 
I'bointiie,  pt  lie  qu«Upies  Htiitimux."  la  **  JournsI  dv  I'AjiaUnnie  et  do  Lk 
Physiologic,"  etc.,  18*»".     yuAtrif-nie  sunre  ;  p.  400,  etc. 

*  Ueule  (Prof.  J.).  *' Hiuidbuvh  dcr  Nrrvrnlchro,"  etc.;  ia  ''liaodbuvh 
dcr  syiiteumti«ohsa  Auatomie,"  etc.,  Vot  lU.,  Sodion  U.  Br«uuBch»«ig,  1871  ] 
p,  391. 

*  "Op.  oitat,/'pp.  161,  162. 

*  "  Op.  ciUt./' pp.  !)2.  OS. 
«  KuUik«r{A.).  "lUn  I 

p.  297,  •©el.  117.     AU>  t. 

under  tlti  lilU  :  "  MautiftI  uf  Huataii  Uikroskopic  Anatotny."    L<nMloii,  IMQl 
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Bnely-gmnular  substance,  with  nuclei  and  blood-vesaola,  and  pASBOsae* 
alsoyinc  iwr/costr  nrrtv-(«J!«-ji,  which,  like  the  vessel*,  deacend  from  the 
iufundibulum."  Fny^  however,  declares,  "  In  the  smaller  posterior 
part,  which  ift  greyish  in  colour,  ive  meet,  in  a  connective-tissue  sub- 
atratum,  with  fint  Uofatrd  nmr-tubes^  cells  resembling  giui>;liou 
corpuscles,  a  quantity  of  siistontacular  connective-tissue,  with  fusiform 
colls  and  blood-veasela,  but  no  glandular  tifisue." 

Luscbka,  while  plainly  admitting  the  existence  of  nerve-tubes  in 
the  |H>dteriur  lobe,  declares  tbat  tlie.He  fibres  are  there  in  a  state  of 
dissolution  and  consequent  disintegration ;  and  herein  he  ia  supported 
by  Ilcnle,  although  that  anatomist  otherwise  denies  altogether  the 
existence  of  nervou$  elements  in  the  pituitary  gland  ;  thiit  i»,  of  such 
elements  as  are  derived  from  the  brain  through  the  infundibulum. 

jAt*rhka'9^  statement  in  foil  ia  as  follows:  "The  fundamental 
substance  of  the  p*iBteriur  lobe  api>ear8  to  be  a  certain  molecular  mass 
difTering  in  quantity  in  different  places,  which  raoM  is  composed  of 
immeaaurubly  minute  elements,  and  also  of  some  which  are  %  little 
larger.  Said  mass  seems  to  be  a  kind  of  cement  by  which  other 
formations  of  various  kinds  are  kept  in  connection.  Aniung  these 
there  are  undoubtedly  neri'oun  elements,  but  they  are  very  few  in 
nnmber.  They  coincide  with  the  nervous  elements  noticed  in  the 
bmin,  but  these  elements  are  very  much  inclined  to  V>ecome  varici«e 
and  to  break  up  generally.  These  nervous  elements  consist  mostly 
of  Jine  Hfi've-fubft,  which  are  found  isolated,  and,  in  a  certain  sense, 
forced  ajMirt  or  divaricated,  and  they  are  met  with  chiefly  in  the 
circumference  of  the  i»osterior  lobe,"  Concerning  the  nervous  elements 
in  the  infundibulum,  he  makes  the  following  statement,  '*  Before  the 
transition  of  the  infundibulum  into  the  posterior  lobe  of  the  gland, 
there  is  notice*!  in  it  only  a  most  subordinate  quantity  of //«<  nerifnng 
tufjrSj  and  only  very  few,  mostly  bi-jKilar,  ganglion-cells ;  which, 
be«ide6,  are  undergoing  a  peculiar  process  of  degeneracy." 

This  peculiar  disintegration  or  degeneracy  of  uervnu«  elements  in 
the  infundiljulum  and  in  the  pituitary  gland,  aa  stated  above,  has 
also  been  noticed  by  UmU,^  This  anatomist  says,  "The  foundation 
of  the  (>osterior  lobe,  and  of  the  processus  infundibull  l>elonging 
thereto,  consists  of  filamentous  or  fibrous  fascicles  wliich  in  the 
pMceasus  infundibnli  follow  a  parallel  direction,  but  in  the  posterior 
lob«  decussate  and  run  iu  various  directions.  .  .  .  These  filaments  or 

»  "Op.  citnt.."p.  4«. 

»  "Op.  oiUt."  p.  31,  •/ K7. 

•  "Op.  eiut.,*Ui..at  p.  £93. 
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fibres  cannot  be  classiBed  under  any  of  the  tissues  of  the  adult  body ; 
but  they  remind  one  of  the  embryonal  stages  of  several  tibrous  tissues, 
esiKJcioIly  of  nervous  fibres;  and  this  also  the  history  of  their  develop- 
ment indicates.  Yet  these  fibres  seem  not  only  arrested  in  thoir 
growth,  but  also  to  have  undergone  a  sort  of  retrogrudc  metamorphosis. 
I  conclude  this  from  the  presence  of  little  jHjrtiuns  of  small  grained 
yellowish  fut,  which  are  diittributed  in  an  irregular  manner  throughout 
the  mass." 

TLis  apparent  disaolution  and  disintegration  of  nervous  fibres  in 
the  proces.sus  infundibuli  and  in  the  pituitary  gland,  which  is  noticed 
both  by  Luschka  and  Honte,  confirm  in  a  remarkable  manner  Sweden- 
borg's  etutemeut  as  to  the  final  fate  of  the  nervous  fibres  in  those 
parts ;  for  he  says,  '*  That  libre,  namely,  the  cerebral  fibre  in  the 
postoriur  lobe,  does  not  again  leave  the  gland,  but  it  terminates  there, 
and  depoaita  its  spirit  there "  (no.  695).  Luschka  declares,  among 
other  things,  that  tlieae  peculiar  nervous  fibres  *'are  met  with  chiefly 
in  the  circumference  of  the  posterior  lobe."  This  also  agrees  with 
Swedeul)org*8  statement;  he  says:  "These  fibres  discharge  their 
animal  spirit  nowhere  eUe  than  in  the  outermost  parts  and  circum- 
ferences of  the  pituitary  gland,  where  the  muscukr  fibre  and  an 
abundant  artery  prevails." 

While  speaking,  on  the  one  hand,  of  "  nervous  elements — fine  nervo- 
tubes — which  are  very  much  inclined  to  become  varicose,  and  to  break 
up  generally,"  and  of  "nervous  tubes"  and  "ganglion  cells."  whlrh 
"are  undergoing  a  peculiar  process  of  degeneracy  ;"  while  declaring, 
therefore,  that  in  the  pituitary  gland,  and  in  the  infundibulum,  there 
are  cerebral  fibres  in  a  utate  of  dissolution,  Luschka,  on  the  otlter 
hand,  and  also  Hcnle,  points  out  clearly  in  the  (Hjaterior  lobe  of  the 
glands  the  products  of  such  a  dissolution  or  disintegration ;  fur  Luschka  * 
says:  *' Notwithstanding  the  bmall  quantity  of  nervous  tubus  in  the 
gland,  at  the  edgea  of  tuikroscopical  objects  taken  fmm  the  posterior 
lobe,  by  the  addition  of  water  and  other  reagents,  there  are  discf>ver«d 
numberless  drop^  and  streaks  of  myelin^  presenting  all  tsurts  of  forms." 
This  "myelio"  seems  identical  with  *' the  small  portions  of  a  Bmull- 
grtiuod,  yellowish  fut,"  which  Hunle  saw  "distributed  in  an  irregular 
IMDncr  through  the  mass."  Luschka,  indeed,  does  not  tlunk  that 
this  medullary  substance — myelin — is  dorived  from  nervous  lubes  and 
giuiglion-cella  by  their  dujintogration ;  but  we  look  upon  it  as  a  strong 
ci>nUnn:itioa  of  Swedeuborg's  theory,  ac^^ording  to  which  not  only 
cerobral  &br^  terminate  in  the  inl'undibuluni  and  the  gland,  but  abo 

^  "Op.  citat.,"p.  21. 
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4i&>«ODtoDt3  of  tbeae  fibres  are  discharged  or  set  free  in  the  glaml. 
Nay,  from  the  considerable  quantity  of  myelin — medulliiry  Bubatani-e 
derived  from  nerve-iubea  and  ganglion-colU — observed  by  Luficbka.  wa 
cimaider  oureclves  jui>tified  in  concludiuu;  that  the  amount  of  animal 
spirit,  of  nervous  essence,  tlius  infused  into  the  gland,  is  far  in  excess 
to  what  ap|}e!irs  to  be  dlAcharged  through  the  comparatively  few 
nervous  tubea  diflcovered  by  the  obsorveri.     The  amount  of  animal 

;.tpirit,  indeed,  seems  sutHLMent  not  only  for  innervating  the  muscular, 
fusiform  fibre-cells  of  the  posterior  lobe,  and  of  starting  there  the 
muscular  mution  of  the  glaud^  but  also  for  charging  even  to  over- 
flowing with  animal  spirit  that  spirimous  lymph  which  Hltera  into  the 
substance  of  tbo  posterior  lobe  out  of  the  infundibulum. 

The  whole  of  the  spirituous  lymph,  the  Buid  of  the  aeeond  order 
received  by  the  pituitary  gland,  and  discharged  thence,  will  now  be 
discussed. 


4.  Tki  Second  Ftuid  ercreied  /ram  the  Piiuitaty  Ghnd^  likf^rst  ihe 
FunclioH  0/  tki  Posterior  Lohe  of  the  Gland^  and  of  the  Central 

Cavity. 

13,  Of  the  above  fluid  we  have  to  notice  two  species.  FiriA^  that 
which  in  cho  infundibulum  is  secreted  from  the  vontricular  fluid,  and 
which,  when  properly  equalized,  that  is,  furnished  with  a  suflicienc 
amount  of  reflned  serum,  as  well  as  of  animal  spirit,  is  discharged  in 
that  form  from  the  pituitary  gland;  and  arfondt^^  that  same  fluid 
which,  in  tlie  posterior  lobe  of  the  gland,  is  surcharged  with  animal 
spirit,  and  acta  thus  as  the  bearer  of  the  fluid  of  the  Jir9t  order,  frum 
the  pituitary  gland. 

The  dcflnitions  which  Swedenborg  gives  of  the  fluid  of  the  second 
order  are  ua  follows:  **The  spirituous  fluid  in  question  is  the  real, 
white  bl<x>d,  capable  of  expansion  and  comprcs&iun,  clastic,  divisible, 
and  moat  light"  (no,  581/).  Again  he  says,  "This  kind  of  lymph  we 
call  &  liquid  or  fluid  of  a  middle  nature;  for  there  is  the  jtpirituuus 
easouoo — the  animal  npirit — the  liquidity  of  which  is  acknowledged  by 
all;  there  is  further  an  elementary  lymph  or  a  common  water;  and 
there  is  a  lymph  which,  xxihmx  being  mixed  or  married  to  the  flc^t 
esaence,  constitutes  the  liquid  of  a  middle  nature''  (no.  596).  In 
another  place  Swedenborg  defines  this  fluid  as  **the  white  bIo<xl  vrith 
which  some  of  the  nervous  juice — of  the  cerebro-apioal  liquid — n^aiM 
to  be  commingled  "  (no.  ^'2ok). 
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This  same  fluid,  in  the  lateral  ventriclea,  is  mixed  with  a  semm  of 
a  lower  order  which  *' trickles  down  from  the  interstices  between  the 
fibres,  and  from  other  sources"  (see  above,  no.  3).  The  ventricular 
liquid  thus  obtained,  during  its  passage  through  the  infundibulum,  is 
se[jarated  again  into  its  two  constituent  fluids,  namely,  into  the  fluid 
of  the  Kcond  order,  or  the  spirituous  1^'mph  which  is  the  **rea),  white 
blood,"  nnd  into  the  tiuid  of  the  third  order,  which  is  a  grosser  seram. 

The  m<^>de  by  which  this  separation  takes  place,  Swedeuborg 
describes  as  follows,  ''When  the  cavity  of  the  infundibulum  is  con- 
stricted, and  its  beak — the  processus  infimdibuli— erected,  the  enclosed 
moisture — the  ventricular  liquid — is  expressed  by  two  ways  ;  namely, 
its  lighter,  purer  and  spirituous  portion — the  flaid  of  the  ttcond  order 
— is  pressed  into  the  porous,  bibulous,  and  medullary  substance  of 
\\A  walls,  and  thence  into  the  beaked  process  which  is  inserted  in  tbo 
pituitary  gland  j  while  the  heavier,  grosser,  and  c&rthy  portion— the 
fluid  of  the  third  order — is  urged  into  some  lateral  ducts  and  proceasea 
in  proximity  to  the  pia  mater  which  acts  as  a  lining,  and  thence  it  is 
expressed  above,  around,  and  bolow  the  pituitary  gland.  .  .  .  The 
former  fluid  is  instilled  by  a  fibrous  channel  immediately  into  the 
substance  of  the  gland  \  bat  the  latter  is  relegated  around  the 
gland,  between  the  sides  of  the  sella  turcica''  {no.  576). 

Again  we  read,  "The  spirituous  lymph — the  fluid  of  the  tefiond 
order — percolates  between  and  around  the  fibrefi.  and,  therefore,  mast 
needs  descend  into  the  cavities  and  fullicles  of  the  gland.  For  a  fluid 
which  presses  upon  the  interstices  between  the  fibres,  must  necessarily 
be  discharged  into  the  clefts  which  are  caused  by  the  interstices  them- 
selves" (no.  596). 

As  to  the  vuniuA  oj)frandi  by  which  the  separation  of  the  two  fluids 
in  the  infundibulum  takes  place,  Swedenborg  says  farther,  "The 
cavity  of  the  infundibulum  is  not  invested  by  any  membrane  or 
meninx,  but  the  fibres  on  their  way  into  the  interiors  are  interwoven 
in  a  net-like  fashion,  and  aflbrd  everywhere  passages.  And  again, 
when  the  cavity  is  contracted  into  a  tube  or  slender  duct,  or  when 
the  infundibulum  is  extended,  these  fibres  rise,  occu[iy  their  r&sj»octive 
places,  and  arrange  themselves  so  aa  to  afford  a  passage"  (qo.  577). 
And  further,  *'Th6  Bpiriiuous  lymph — the  fluid  of  tLe  afcotid  order — 
is  the  real,  white  blood,  capable  of  expansion  and  cnmpreoaion,  elastie^ 
divisible,  and  most  light ;  wherefore  it  is  separated  iustanl«r  from  the 
(grosser  liquid,  f^o  soon,  indeed,  as  any  active  force  is  brought  to  bear 
on  both  "  (no.  f»81/j. 

What  has  modem  science  to  say  to  this  1 
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14.  Modem  Bcience  shows,  in  the  first  place,  what  was  known 
already  at  Swedenborg'a  time,  namel/,  that  the  pituitary  gland  in 
reality  consists  of  two  lobes,  the  anterior  and  the  poAteriorf  and  thut 
between  them  there  is  a  central  cavitj'. 

The  anterior  lobe,  as  was  shown  above,  ifi  originally  an  outgrowth 
of  the  epithelinm  of  the  moutlt,  and  beare  a  strictly  glandular  character. 
Affording  to  MihalkovUs^  it  consista  of  "epithelial  aaca  or  blind  tubes 
with  a  Btrnma  nf  connective  tissue,  rich  in  vessels,*'  and  "  iu  front  it 
sonds  off  a  narrow  production  to  the  infundibulum  as  far  as  the 
chiasma  of  the  optic  nerves." 

The  posterior  lobe,  on  the  other  hand,  is  a  prolongation  or  out- 
growth of  tiie  substance  of  the  brain,  in  which,  however,  the  nervous 
aaluftance  is  fm  the  decline,  and  has  its  place  iu  great  measure  taken 
up  by  connective  tissue.  In  contradifttinctinn  from  the  anterior  lobe, 
which  consi-sts  of  glandular  ducts,  the  posterior  lobe  consist*  of  m^A***, 
and  these  meshes  are  ctmtioued  into  the  infundibulum,  or  ruther  this 
luesh-like  arrangnmont  hogins  nlrendy  in  the  infundibulum. 

On  this  subject  P^rt^irtrkko*  makes  the  following  stjitement :  "  The 
framework  of  the  posterior  part  of  the  gland  coosists  of  fttesAes  which 
can  lie  proved  best  by  sections  of  tlio  gland  of  a  calf  which  have  been 
dyed  and  treated  with  oil  of  turpentine.  In  the  infandibulam  this 
amngement  is  not  yet  so  clearly  defined.  The  inner  stratum  uf  the 
iufundibulnm  preecnta  a  framework  of  connective-tissue  fibres  with 
many  fusiform  cells."  These  fusiform  cells,  as  we  have  shown,  hear 
a  great  likeness  to  muscular  fibre-cells  which,  8wedenb<»rg  uiaintaiiit;, 
are  generated  in  the  posterior  lobe  nf  the  gland.  Peremeschko  then 
goes  on  and  describes  how  connective-tissue  bundles  are  dispatched 
into  the  interior  of  the  [rosterior  lobe  from  the  surrounding  pia  mater ; 
and  out  of  these  bundles,  thr<:iDgh  larger  and  smaller  sub-divisions,  there 
is  at  last  formed  a  framework  of  meshes.  In  these  meshes  there  is  a 
finely  granular  mass,  together  with  fusiform  and  pear-shafted  cells, 
and  also  cells  which  Luschka  describes  as  "epithelial  eells  witli  and 
without  productions." 

These  epithelial  cells,  which  are  essentially  for  the  purjtose  of  straining 
and  refining,  Lv*Ma  ^  considers  of  so  great  importance  in  the  posterior 


'  "Op.  citaL."  pp.  83,  S8. 

'  Percniewrhko  (Lh-.).  "  Ucber  den  Ban  dem  Uirnuihangs.'*  in  Vircbow'v 
*' Archiv  Ulr  patbologischc  Aitatoniici  und  PhyMoIogie,"  etc.  Bd.  xxxviii. 
(Dritte  Folge.  Bd.  viii.),  llcft  3.     Berlin,  1807  :  p.  338. 

*  Luschka  (Hubert  v.),  **  I^er  Himanhaog  und  die  8tel«drilae  dea 
MouBchvn."     HerliD,  1660.  4U}.  ;  p.  IU. 


456 


THE  PITUITARY  GLAND. 


lobe,  that  he  definoa  tlio  subatance  of  thftt  lobe,  and  more  or  lesa  that  of 
the  infundibuluni,  as  codsisting  esseDtidly  of  a  mass  of  ^'connective- 
tissue  and  epithelium."  iVfter  describing  the  pear-^baped,  and  alMi 
the  fusiform  colb,  which  have  been  discussed  above  in  no.  7,  he  sa^'a, 
*'  There  are  in  addition  a  considerable  number  uf  formatiuas  which 
mostly  prove  to  be  degenerate  epithelial  cells,  deprived  of  their  ciltM, 
with  very  hing  productions;  the  sharply-xnarked  and  dark-bordered 
stems  or  productions  of  these  colls  are  sometimes  continuous  with  the 
ramified  processes  of  the  above-mentioned  cells.  These  epithelial  cells 
are  thoroughly  identical  with  the  better  preserved  [epithelial]  forms 
which  Gcrliich  has  nhown  to  exist  in  the  atjueduct  of  Sylvius. '* 

In  addition  to  these  epithelial  cells  which,  acconUng  to  Peremeschko, 
are  contained  in  the  meshes  of  which  the  framework  of  the  iufuudi- 
buliiin  and  of  the  posterior  lobe  consistq,  there  is  besides,  according 
to  Mihatkcvic*}  a  stratum  (»f  epithelium^which  is  situated  along  thu 
inner,  central  portion  of  that  production  which  ascends  from  the 
anterior  lobe  of  the  gland,  and  embraces  the  infundibulum  projier  in 
front.  He  saya,  "Towards  the  centre" — and  thus  in  the  interior — 
'*tbe  production  of  the  pituitary  gland,  which  is  attached  to  tbo 
processus  infundibuli,  consists  of  cylindrical  cpithelia." 

15.  Although  the  minute  structure  of  the  infundibulum  and  of  the 
gland,  as  taught  by  modem  science,  ditfers  vastly  from  the  idea  which 
Swedenborg  collected  from  his  study  of  the  anatomical  authors  uf  his 
time*  nevertheless  these  modem  facts  are  by  no  means  opposed  to 
the  function  which  ISwedenborg,  on  the  strength  of  the  facts  of  his 
day,  assigned  to  the  infundibulum.  This  function,  as  we  have  seen, 
consists  in  straining  the  tiner,  spirituous  lymph  contained  in  the 
ventricular  liquid  from  a  grosser,  heavier  serum. 

According  to  Swedenborg  this  finer,  spirituous  lymph  is  drained  off 
through  the  intorbtices  which  exist  between  the  medullary  fibres  of 
which,  as  he  supposed,  the  substance  of  the  infundibulum  consists. 
According  to  the  facts  of  modem  science,  however,  tliis  straining  is 
effected  through  a  system  of  meshes  derived  from  the  pia  inator,  of 
which  system  the  framework  of  the  infundibulum  (and  also  of  the 
posterior  lobe  of  the  gland)  consists,  and  the  fluid,  which  is  thus 
drained  off,  is  further  rtfinod  by  pu&sing  through  the  epithelial  cells 
which,  according  to  Lubchku  and  Perumeschko,  eulcx  largely  into  the 
composition  of  the  infundibulum  and  of  the  posterior  lobo  of  the 
gland. 

The  arrangement,  however,  of  the  epithelial  cells  in  the  infundl- 
'  "Op.  dtat..** p.  68. 
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bulum,  as  we  bave  learned,  is  twofold.  Fur  in  addition  to  thtt 
epithelial  celU  just  mentioned,  which  uro  contAioed  within  tho  meshes 
of  iu  posterior  part,  there  u  1>e5ide3  the  stratum  of  epithelium  which, 
according  to  Mibidlcovic-a,  ia  situated  along  the  innor,  central  portion 
of  thti  production  which,  from  the  anterior  lobtj  of  the  pituitAry  ^'hiiid^ 
UAccuda  to  the  infundibulum  and  cluj»ely  invests  the  wime  iu  front. 
The  lymph,  percuUting  through  this  latter  stratum  of  epithelium, 
would  naturally  jiusa  into  the  ccutriU  oivity  of  the  pituitary  glamJ, 
which  i,-i  liitujited  between  tho  anterior  ami  posterior  lobes  of  tho 
gland,  aod  thus  between  that  port  which  is  generated  from  tho 
infundibulum  proper,  that  is,  from  the  processus  infundibuli,  and 
between  that  other  pArt  from  which  ascends  the  production  by  which 
the  processus  infundibuli  ia  invested  in  fn>nt. 

\n  the  infundilnitum  pn)i»er,  however,  and  also  in  tho  posterior 
lobe  (if  the  gland,  the  Kpirituoos  lymph,  which  is  strained  off  from 
tho  ventricular  liquid,  is  in  addition  enriclied  with  onimid  spirit,  wiib 
the  fluid  of  X\\^  fini  order,  which  is  fiet  freo  there  by  the  dissolution 
or  disintegratioEi  uf  those  nervous  elements  which  are  continued  into 
the  infundibulum,  and  also  into  the  (>ueterior  lobe  of  the  gland  front 
tho  brain  (see  above,  no.  12).  This  animal  spirit,  it  soenis,  is  infused 
into  the  spirituous  lymph  through  the  agency  of  the  epithelial  and 
pear-shaped  celhi  which  are  imbedded  in  the  meahes  of  the  infundi- 
bulum and  of  the  posterior  lobe. 

The  question  now  arist^s,  what  becomes,  fir$k^  tA  that  spirituous 
lymph  which  is  enriched  in  the  infundibulum  and  also  iu  the  posterior 
lobe  of  the  gland  with  additional  animal  spirit,  and  which  thus  acts 
ufl  a  vehicle  of  the  animal  spirit,  of  the  fluid  of  the/irs^  order,  secreted 
in  the  infundibulum  and  in  the  pituitary  gland  t  Ant]  what,  Mfomiiy^ 
becomos  of  that  spirituous  lymph — the  fluid  of  the  »ecomi  ord«r — 
which  ia  simply  strained  off  from  the  ventricular  liquid,  and  collects  iu 
central  cavity  uf  the  gland  I  We  shall  first  follow  up  the  fonner 
ies  uf  spirituous  lymph,  muuely,  that  which  has  received  its  freight 
of  animal  spirit) 

According  tn  Swedenborg,  the  spirituous  lymph  iu  question*  namely, 
"the  spirit  of  the  fibres,  or  the  animal  spirit  murrit;d  to  the  pur*>r 
blood,  betakes  itself,  first  of  all,  into  the  sinuses  which  are  proper  to 
the  gland  "  (nu.  598),  namely,  into  the  inferior  cruuaverae  sinus  uf  Littre, 
uiiil  the  superior  circular  sinus  of  Ridley.  From  these  little  sina^efl, 
he  maintains,  on  the  b>i.sia  of  the  facts  of  his  day,   tbit  this  sjiino 

iritnous  lymph  is  infused  into  the  superior  petrosal  sinuses,  and  tty 
sinuses  it  is  finally  carried  into  the  jugxilar  veins.    For  these  Utt«r 
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sinufles,  namely,  the  superior  petrosal,  he  says,  *-  Lave  Uielr  highetit 
heads  and  lip3  close  to  the  circular  sinus.  .  .  .  They  are  com paratively 
long  and  slender,  and  their  tube-like  bodies  are  completely  adapted  to 
the  quickness  and  swift  flashes  of  this  fluid  "  (uo.  623). 

The  science  of  Swedcnburg'a  day  connects  also  the  inferior  transverse 
sinus  with  the  superior  petrosal  sinuses ;  but  oioderu  science  showa 
that  the  inferior  transverse  sinus  of  Littre  empties  its  contents 
exclusively  into  the  cavernous,  and  not  into  tlie  superior  petrosal 
fiiuusea.  Wherefore  Swedenbory'a  statement  that  *'  the  piiuitnry 
gland  dischargea  the  first,  purest,  or  spirituous  fluid  into  ita  own 
little  sinuses,  namely,  the  inferior  transverse,  and  the  higher  circular 
sinuses/'  must  be  confined  to  the  hitter,  to  the  cimilar  sinus ;  and  tbo 
inferior  traiusverse  sinus  of  Littre  must  be  excluded. 

With  this  limitation,  modem  science  fully  bears  out  Swedenborg'a 
statement  concerning  the  ulterior  desiiaatiou  of  the  spirituous  lymph 
iu  questioD,  and  it  confirms  thut  fitatement  besides  by  im{H)rt«Dt 
additional  particulars. 

In  the  light  of  modem  science  the  spirituous  lymph  surcharged  with 
animal  spirit,  it  seems,  is  first  of  all  committed  to  lymphatic  vesseU,  which 
according  to  AfiAaU-oncs^  abound  in  the  posterior  lobe.  He  says,  "  With 
man  the  lymphatic  vcsseU  utTain  in  the  posterior  lube  u  high  degree  uf 
development,  and  they  are  continued  thence  even  into  the  anterior 
lobe."  These  lymphatics,  according  to  the  same  author,  begm  olreiidy 
in  the  processus  iufundibuU  ;  for  he  says,  "In  the  lowest  part  of  the 
process  of  the  infundibulum,  horixontal  sections  of  wide  lymphatics  are 
visible "  (p.  88).  From  this  it  would  follow  that  the  dissolution  of 
nervous  elements,  and  hence  the  discharge  of  their  contents  into  the 
spirituous  lym[th  percolating  through  the  meshes  of  the  infuudibulum, 
and  the  final  gathering  up  of  thi^  lymph  into  lymphatic  ve^tsels  begisa 
already  in  the  infuudibulum.  This  also  is  taught  by  Swedcnborg  ; 
fur  he  says,  "The  infuudibulum  abounds  with  little  veins.  U>st  the 
refined  and  defecated  moisture,  which  dues  not  transpire  through  the 
beak — the  processus  infundibuli — into  the  gbnd,  should  escape  into 
the  air ;  bat,  ou  the  contrary,  may  be  sipped  up  by  the  little 
mouths  of  the  veins,  and  together  with  the  vapour  of  the  gland  may 
bo  determined  [finally]  intu  the  bosil^ir  sinuses  "  (no.  517). 

The  whole  of  the  spirituous  lymph  enriched  with  aniuiol  spirit — the 

duid  of  t}in  jirsi  order — is  Uius  conveyed  into  the  cirouhir  siuQs  through 

the  lymphatic  v&u»eU  which  have  just  been  de«cribed.     Uut  tlje  circular 

einoii,  according   to  the  description  (uniished  by   modern    aathorv, 

>  "  Op.  oitit,.  ■  p.  89. 
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consists  of  two  semi-circles  or  branches,  an  anterior  and  a  posterior  one^ 
of  which  the  anterior  is  usuAlly  larger,  and  the  |>osterior  smaller. 

The  jjoateriur  branch  seems  to  receive  the  lymphatic  vesaeU  from  the 
infundibulum,  while  the  anterior  branch  receives  those  lymphatic  veasels 
concerning  which  Mihalkovics declares,  "the  lymphaticsof  the  jKisterior 
lobe  of  the  gland  ...  are  continued  even  into  the  anterior  lobe." 

The  oxiritencB  of  TesaeU  similar  to  those  which,  according  to 
Mihalkovics,  jmiss  from  the  posterior  into  the  anterior  lobe  of  the 
id,  is  fully  confirmed  by  the  Brothers  Wcazel  ^  in  Uiese  words,  ^  In 

alts,  and  those  who  are  further  advanced  in  age,  if  the  examination 
of  the  pituitary  gland  be  carried  on  with  due  care,  vessels  are  dis- 
tinctly and  clearly  visible  between  the  two  lobes. — Firti  case :  On 
dissecting  the  hypophysis  of  a  kdy  sixty  years  old,  by  the  aid  of  a 
lens  we  discovered,  near  the  anterior  part  of  the  posterior  lobe, 
several  vessels  of  considerable  sise.  We  saw  strut  which  had  the 
ap[«arance  of  passing  from  one  place  into  the  other. — Second  case : 
lu  the  hypohysis  of  an  old  man  which  was  diHsected  in  a  like  manner^ 
we  saw  in  the  same  place  the  larger  and  smaller  moutLs  of  vessels 
which  had  been  cut  through,  which  almost  presented  the  appearance 
of  a  kind  of  sieve.  —  71nrd  case:  The  same  conjunction  of  the 
posterior  lobe  with  the  anterior  by  the  aid  of  veasels  which  passed 
from  one  place  into  the  other,  we  saw  in  the  case  of  a  man  twenty  years 
old."  After  doiailing  these  cases  the  authors  continue,  *'  Whether 
the,te  stria;,  about  tbe  presence  of  which  in  a  natural  state  and  condi- 
tion tliere  cannot  be  any  doubt,  are  only  little  blood- veasels,  that  is, 
arteries  and  veins ;  or  whether  they  are  in  part  blood-vessels,  and  in 
part  little  canals  destined  for  some  definite  use — this  question,  even 

ter  a  most  successful  injection,  can  be  decided  only  with  difficulty  ; 

t  without  such  an  injection  it  cannot  be  decided  at  oil."  And 
again  they  ask,  **  Are  these  little  canals  only  blood-vessela  1  or  Teasels 
which  convey  to  their  outermoBt  and  most  subtle  ends  some  kind  .of 
other  liquid,  destined  for  some  sublime  use  ?  This  conjecture  does  not 
seem  devoid  of  reason."  Mihalkovics  settles  this  qnestion  by  declaring 
on  the  bo^is  of  observation  that  "  It/mpfintic  vesaeU  ore  continued  from 
the  p^wterior  into  the  arterior  lobe." 

The  further  course  of  the  lymphatic  vessels  after  they  have  reached 
the  ont«rior  lobe  is  indicated  by  Lusc/ihi'^  in  the  following  passage: 
"The  veins  which  deiKirt  fn>m  the  capillary  network  in  the   interior 

^  WvaseUJ'andC.K   **I>epenitioristructuni  cerebri  hominisetbnitorunu" 
Tubingw,  1812  :  p.  290,  et  •fg. 
«  ••  Op.  citat.,"  p.  46,  a  scq. 
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of  the  gland,  on  either  side  of  the  same,  ore  gathered  together  into  one 
little  alcm,  the  lumen  of  which  uaually  becuines  yiaible  in  hortzontiU 
aectioiis  when  accurately  made  through  the  middle.  Owinkr  to 
the  retraction  of  the  wall  of  the  veesel  under  the  level  of  the  aur- 
rounding  surface  of  the  sectiuo,  its  lumen  presents  the  ap^iearance 
of  a  little  dimple,  to  which  notice  has  becu  drawn  by  the  Brx>thers 
WenzeJ.  Several  vesaels,  in  the  form  of  raya,  meet  at  the  anterior  edue 
of  the  lumen  of  said  venous  stems,  while  only  one  larger  veaaal,  or 
several  feebler  twigs  enter  at  its  posterior  edge.  ...  On  the  ground  of 
artificial  injections  I  can  regard  these  canals  only  oa  vessels  containing 
venous  blood.  The  venous  blot^d  of  the  pituitary  gland  is  niostly 
emptied  into  the  sinus  circularis  Kifiley,  along  the  inner  side  uf 
which  are  seen  a  number  of  6ue  roundish  litUe  mouths,  and  un  either 
side  there  is  one  larger  orifice  which  serves  to  discharge  the  bloud 
into  the  sinus  cavernoaus." 

From  this  description  it  appearv  that  capillary  veius  which  seem 
identical  with   Mihulkuvics'  **  lymphatic  vessels,"   enter   into  v^n 
stems  at  either  side  of  the  gland,  from  the  posterior  lobe  ;  for  we  1 
**  one  larger  vessel  or  several  feebler  twigs  enter  at  the  jw«f/Ttor  edge"  uf 
these  venous  stems,  and  hence  come  from  the  posterior  lobe,     T? 
venous   stems,  however,  discharge    their   contents   into    the  aitt 
branch  of  the  circular  sinus. 

The  spirituoiw  lymph,  enriched  with  animal  spirit,  ii^  however,  not 
simply  derived  into  the  f>o3terior  and  anterior  brant-hea  of  the  circular 
sinus;  but  on  the  way  it  is  also  ^* mixed  with  bloud,  so  that  it  may 
pursue  its  way  towards  the  lateral  stnuiies,  and  may  not  be  di^ipaled 
on  the  way  and  escape"  (no.  625i)-  On  this  subject  Swedeuburg  aaya 
lurthor,  *' The  sjtirituona  juice  of  the  gland — the  fluid  of  the /ir</ 
order  ...  is  derived  into  the  little  sinus — the  circular  sinus — lu* 
gether  witlt  tlie  venous  blood  which  flows  into  that  somo  ai&ttfi; 
naiuoly,  witli  that  bloud  which  Ls  carried  away  from  the  moM'ular 
part  of  the  gland,  which  seems  to  be  of  a  venous  charucter,  so  for  as  it 
enters  the  little  sinuses  of  the  gl&ud.  Thus,"  he  further  aays,  "the 
spirit,  which  leaves  the  gland  embodied  in  lym[ih,  is  wedded  aUo  to 
the  blood"  (no.  62&;). 

In  order  that  the  spirituous  lymph,  whtcii  collocta  in  the  dfcubr 
sinus,  may  be  still  further  "wedded"  lo  blood,  before  it  i.-*  '  t 

to  the  aaperior  jietrosal  Ainusea,  according   to   Thai*}  *'th< 

*  Si>nmi«ring  (S.  Th.  von).  *'  Vom  Bsa*  dbs  meruelilichen  K{>r|>«r«." 
"  Lehrc  von  doD  Muakein  und  QofSsseQ  Jbh  menichUcheti  KOrp«n/*  oAigcAr- 
beltet  ?on  F.  VV.  ThcUc,  Uiprig,  1841  :  p.  27-4. 
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einos  receives  little  veins  from  the  tuber  cineream,  the  iofundibulum 
and  the  sphenoid  bone."  Holler  >  also  says  that  "  not  uiifrequently 
the  circular  sinus  receives  considerable  veins  from  the  Bella  equina, 
and  from  the  osaeous,  spongy  substance  of  the  s[>henoid  bone,'^ 

The  discharge  of  tlie  circular  sinus  into  the  superior  petra^  sinuses 

discussed  below  in  no.  32. 

17.  The  next  question  concerns  the  second  species  of  spiritaoua 
Ijmph  which,  through  a  stratum  of  '^cylindrical  epithelium"  com- 
nmnicating  with  the  cavity  of  the  iufundibulum,  distils  into  the  cen- 
tml  cavity  of  the  pituitary  gland. 

This  portion  of  the  pituitary  gland  has  been  most  accurately  des- 
crilfed  by  P^rfmeschko.^  From  his  description  wo  gather  the  following 
l)articulars. 

The  central  cavity  or  canal  of  the  gland  is  not  situated  precisely 
between  the  anterior  and  posterior  lobes  of  the  gland  ;  but  it  is  mostly 
contained  within  the  anterior  lobe,  a  narrow  stratum  of  the  Bame, 
called  by  Pereuieschko  the  "^^  Markschicht "  (medullary  xone),  i^nclusing 
it  behind.  In  some  animals  (calf  and  sheep)  it  is  a  simple  cloft  run- 
ning from  right  to  left.  In  other  animals,  and  sometimes  also  in  man, 
it  ramifies  in  auch  a  manner  that  a  branch  of  it  runs  through  the 
middle  of  the  poatfirior  lobe.  In  man  there  are  always  two  lateral 
bmnches,  one  on  the  right  and  one  on  the  left  side ;  bat  they  do  not 
meet  in  the  centre.  Further  down,  below  the  inidtllu  uf  the  gland, 
tlie  canal  becomes  circular,  and  towards  the  bottom  it  has  the  sha]>e 
of  an  acute  angle.  The  canal  always  keeps  within  the  snbstance  of 
the  gland,  and  never  reaches  the  enclosing  membrane. 

In  human  pituitary  glandit,  the  canal  is  always  lined  with  ciliated 
epithelium.  In  fresh  specimens  this  epithelium  can  be  discovered 
witliout  difficulty.  The  lateral  branches  of  the  canal  in  hardened 
hnmau  spocimens  are  almost  always  crowded  with  colloi.l  buUce,  so 
that  the  canal  is  reduced  to  a  very  narrow  cleft.  The  central  portion 
of  the  canal  which  extends  into  the  posterior  lobe,  whenever  it  existS) 
has  an  ovul  shape  with  a  diameter  uf  2mm.  from  right  to  left 
rTho  question  as  to  the  beginning  of  the  canal,  Peremesclikr.!  answers 

follows,  "Only  in  the  pig  I  could  be  convinced  by  horizontal 
sections  through  the  narrow  portions  of  the  glund — the  processus 
infnndibuli — that  the  central  cavity  or  canal  of  the  ginnd  is  a  con- 
tinuation of  the  cavity  of  the  infundibuluni.  In  other  animals,  the 
calf  for  instancei  the  lower  portion  of  the  infundibulum  does  not 
»  "Op.  oitAt.."iv.,  p.  156. 
*  "  Op.  ciUt.,''  p.  333,  €t  mq. 
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seem  to  ha<re  any  opening ;  an  that  in  their  case  the  beginning  of  the 
caual  ia  in  that  portion  of  the  gland  where  the  infundibulum  becomes 
joiueU  with  the  glund  proper,  and  that  the  canal  itaetf  prefterita  a 
closed  cavity.  In  human  pituitary  glands,  hardened  somewhat  in 
alcohol,  I  sometimes  ancceeded  in  injecting  the  canal,  that  is,  its 
central  portion  and  the  lateral  branches,  in  such  a  manner  that  in 
these  cases  also  the  canal  seemed  to  communicate  with  the  cavity  of 
the  infundibulum.  The  difficulty  here  is  that  the  infundibulum,  eren 
when  it  lies  for  a  long  time  In  the  strongest  alcohol,  does  not  become 
sufficiently  hard  for  suitable  sections." 

In  considering  the  facts  which  Dr.  Peremeschko  hero  bring*  to  our 
notice,  in  connection  with  the  facts  observed  by  Prof.  Mihalkovlcs, 
namely,  that  a  stratum  of  epithelium  extends  from  the  central  side 
of  the  anteriur  lobe  into  the  interior  of  the  infundibulum,  it  becomes 
very  evident  that  at  one  period  of  fetal  existence  there  is  an  uninter- 
rupted passage,  lined  with  ciliated  epithelium,  between  the  cavity  of 
the  infundibulum  and  the  central  canal  of  the  gland  ;  which  passage 
becomes  closed  up  in  such  a  manner  that  a  stratum  of  cylindrical 
epithelium  remains  between  those  two  cavities,  through  which  the 
spirituous  lymph,  the  purer  blood,  percolates  with  the  greatest  ease 
during  the  systole  of  the  infundibulum,  and  the  diastole  of  the  gluud. 

The  existence  of  such  an  nninterrupted  passage  between  the  cavity 
of  the  infundibulum  and  the  central  cavity  of  the  gland  in  the  cftse 
of  embrytw,  is  placed  beyond  doubt  by  the  researches  of  W.  J/ii/V^r,* 
He  examined  a  number  of  human  embryos,  and  also  embryos  of  sheep 
and  swine. 

In  describing  the  processus  infundibuli  in  these  ombiyoe  he  8A/s« 
"  In  its  place  of  departure  from  the  infundibulum  the  cavity  uf  the 
tatter  was  continued  through  the  middle  of  the  processus  infandibuli, 
0'5mm.  in  width.  It  gradually  diminished  in  size,  assuming  the 
form  of  a  cone,  and  tinally  ended  in  a  point.  The  wuUs  nf  the  cavity 
were  lined  with  cylindricnl  epitlielium.  Towards  tho  middle  of  the 
processus  infundibuli  the  cavity  had  already  disappeared ;  but 
remnints  of  the  same  still  continued  in  its  thickened,  button-like  end, 
in  the  form  of  irregiilarly-bent  clefts,  which  were  linnl  with  cyllndrii^al 
epithelium." 

This  some  transit  or  passage  in  the  processus  infumlibuJi  wiis  dis- 
covered and  descriltcd  by  .S^rf/w/Ziia','  and  in  the  **  thickened,  button- 
like  end  "  of  the  same  he  detected  besides  a  sort  of  sphincter  by  which 

•  "Op.  dtat..**  p.  390.  t\  Kq, 
»  "Op.  oit»t.,"p,  30&. 


ITS  FLUID  OF  THE  SECOND  ORDER. 


463 


the  continuity  of  tlie  passage  \a  interrupted.  His  language  is  as 
follows:  **Let  ua  begin  with  cutting  the  infundibulum  from  top  tu 
bottom,  Injiiig  bare  its  canal,  which  is  shaped  like  a  funnel.  Let  U3 
now  continue  cutting  the  proceHsus  infundlbuU  with  lancclted  needles, 
but  blunt  At  the  end,  imitig  for  rmr  guidiiuce  a  magnifying  glnjtfl ;  fi>r 
the  cnnai  which  succee<]s  the  tapering  end  of  the  infundibulum  ia 
thread-like.  This  canal  may  eMsily  be  traced ;  for,  thanks  to  the 
e{>endyma  with  which  it  is  lined,  it  is  very  shining.  Let  us  now  con- 
tinue the  incision  as  far  as  the  groove  or  the  indenture  of  the  pituitary 
body.  When  the  processus  enters  the  gland,  the  operation  of  cutting 
becomes  very  diftieult ;  for  at  that  point  there  is,  in  the  procesauR,  an 
orbicular  constriction,  a  sort  of  circular  valve,  whereby  the  continuity 
of  the  canal  is  interrupted."  This  valve,  Sapi:ilini  suggests  at  the  end 
of  his  pajier,  ia  opened  and  shut  by  one  of  those  independent  nervous 
fibres  which  enter  the  pituitary  gland  from  the  cavernous  or  carotid 
plexus,  or  OS  he  himself  supposes,  from  the  sixth  pair  of  nerves. 

By  a  Dovt'l,  but  successful  method  of  injection,  Sapoltui  discovered 
in  the  interior  of  the  pituitary  gland  two  receptacles  or  cavities ;  one 
of  which  is  in  the  anterior  lobe,  and  the  other  in  the  posterior  lobe. 
The  tme  in  the  anterior  lobe — the  central  cavity,  the  receptacle  of  the 
fluid  of  the  »<^nd  order — he  did  not  ftucceed  in  injecting;  but  the 
second  receptacle  in  the  posterior  lobe,  where  a  grosser  serum— the 
fluid  of  the  third  order— collects,  he  managed  to  inject  beautifully. 
In  ulci>holic  preparations,  Peremeschko  succeeded  sometimes  in 
injecting  the  central  cavity,  but  Sapolini's  watery  injection  did  not 
penetrate  thither.  This  boars  out  completely  Swedonborg's  own 
statement  of  the  matter;  for  he  declared  repeatedly  that  it  wan 
im[>os8iblo  fur  injections  of  a  lower  elemental  or  saline  character  tu 
penetrate  into  the  interior  of  the  pituitary  gland ;  and  that  duids  of 
that  description  could  be  received  only  in  receptacles  at  the  side  of 
tljc  gland.  The  whole  of  Sapolini's  interesting  experience  is  intro- 
duced below,  in  no.  26,  in  the  chapter  which  treats  of  the  fluid  of  the 
third  order,  of  that  Aaid  which  is  excreted  from  the  gland  into  the 
posterior  receptacle  of  the  sella. 

But  to  return  to  the  Hiiid  of  the  ttcond  order,  which,  through  a 
poesage  consisting  uf  epithelial  cells,  penetrates  from  the  infundibulum 
into  the  central  cavity  of  the  gland. 

18.  Concerning  the  discharge  of  this  spirituous  fluid  from  the 
pituitary  gland,  Swedenborg  makes  the  following  statement :  **■  Tlie 
lluiil  of  a  middle  quality — the  spirituous  lymph  or  purer  blr>od — Hie 
gland  dispatches  through  lymphoducts   and  venous  vessels  into  tho 
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bones  of  the  cranium "  (no.  593).  In  anoUier  place  be  adds  the 
fullowing  particulars,  "The  Bpiritunus  lympb  is  Hi8[»at€bed  into  the 
lateral  sinuses  through  foramina  of  the  sphenoid  bone,  aa  has  beeo 
proved  through  the  eii>erimenta  of  Willis.  For  when  the  bone  of 
the  sella  turcica  is  laid  bare,  or  when  iU  cohering  of  dura  mater  i« 
removed,  chieBy  lu  the  calf,  foramina  are  presented  to  the  sight,  and 
when  they  are  injected,  the  liquid  penetrates  into  the  lateral  ftinusea. 
Willie  suspects  that  similar  foramina  exist  also  in  the  sella  of  the 
hunifin  cranium,  and  Vieussens  demonstrated  them  by  autopsy  ;  al- 
though he  says  they  are  obliterated  in  dried  skulla.  .  .  .  The  existence 
of  what  Willis  terois  *  lympheducta '  is  thus  placed  beyond  doubt. 
That  the  above-mentioned  lymph  of  exquisite  purity  is  carried  awaj 
from  the  gland  through  foramina  in  the  bottom  of  die  sella,  appem 
from  the  fihunents  or  small  membranous  processes,  seemingly  nervous, 
which  arc  continued  from  the  body  of  the  gland  into  the  membrane  of 
the  parietea.  Of  these  filaments  or  processes  Vieussens  always 
obaerved  two  or  three,  but  Liltre  innumeruble.  That  similar  processes 
emanate  also  from  the  posterior  lobe  of  the  gland  is  scarcely  doubtful, 
since  it  is  closely  fastened  to  the  bottom  or  to  the  mater  underneath  " 
(no.  602«). 

The  central  cavity  of  the  gland,  as  shown  by  Peremeachkn,  extends 
on  the  one  hand  to  the  bottom  of  the  gland,  and  on  the  otlior  it  is 
continued  through  its  lateral  branches  along  the  sides  of  the  posterior 
lobe  ;  and  although  it  never  reaches  the  enclosing  capsule  of  the  gland, 
nevertheless,  as  shown  by  the  same  observer,  bundles  of  pia  mater 
from  without  penetrate  everywhere  into  the  interior  of  the  gland, 
where  they  serve  as  a  framework  by  which  veins  and  lymphatic 
vessels — lympheducts — would  be  led  from  the  centra]  canal  or  cavity 
of  the  ghmd  to  its  surface ;  and  there  by  the  channels  described  by 
Swedenborg,  they  would  be  led  into  the  interior  of  the  sphenoid  bone, 
and  thence  into  the  lateral  sinuses  or  jugular  veimi. 

Among  modern  authors  LanQer  seems  to  be  the  only  one  who 
actually  noticed  the  jwssnge  of  little  tubes  from  the  bo«iy  of  the 
pituitary  gland  into  the  venous  **  rote  "  by  which  the  dura  mater  lining 
the  pituitary  gland  is  chtsely  invested.  Concerning  the  venous  net- 
work, ho  says  that  it  "adheres  closely  to  the  fl|ihenoid  bone,  whence  it 
derives  a  diploic,  venous  twig."  Coucerutng  the  connection  of  this 
vascular  network  with  the  gland,  he  says«  "  Fmgnionts  ol  more  delicate 
little  tabes  point  out  the  existence  of  vcssoU  which  anter  into  thb 
net  from  the  pituitary  gland"  (see  above,  no.  621x). 

Other  authors  have  disoovered  a  number  uf  foramina  through  whadi 
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▼eiDS  or  lymphatic  vessels  ftre  led  from  the  sarface  of  the  sella  into 
the  mterior  of  the  bone ;  and  they  bftve  likewise  discovered  vesseU 
wLjcli,  out  uf  the  sphenoid  bone,  lead  directly  or  indirectly  into  the 
jugular  veins. 

The  experience  of  modem  science  on  this  subject  is  fitly  introduced 
by  the  experiments  instituted  more  than  two  hundred  years  ago  by 
the  celebrated  WillU}     He  says,  "  In  those  animals  which  are  furnished 

h  the  rete  mirabile,  of  which  many  shoots  pass  into  the  gland, 
▼eral  foramina  are  wrought  into  the  bone  underneath.  .  .  .  Further, 
if  by  pulling  off  the  membrane  from  the  fossa  of  the  sella  turcica  yoa 
expose  these  foraminar  and  then  pour  water  upon  it,  that  water  will 
quickly  permeate  the  compages  of  the  whole  bone,  and  will  trickle 
out  suddenly  through  other  foramina  which  arc  open  in  the  sides  of 
the  bone,  and  for  the  most  part  are  absent  in  the  human  cranium. 
But  when  they  are  present,  as  in  the  calf,  we  have  to  take  edpocial 
notice  that  these  foramina  are  filled  by  certain  hollow  vessels ;  and  if 
a  blackened  liqaor  is  injected  by  a  syringe  or  canule,  it  passes  through 
the  compages  of  the  boue,  and  permeotes  moet  other  vessels  which  lue 
below  the  bone,  entering  finally  into  the  trunk  of  the  jugular  vein.  . «  . 
But  aa  to  the  vessels  which  invest  the  foramina  of  the  bone,  and 
which  ure  still  more  numerous  ouder  the  bone,  they  seem  to  be  either 
veins  or  lymphedncts." 

This  experience  has  not  been  disproved  by  modem  science.  Lanrjer^ 
on  the  contrury,  as  we  have  seen,  declares  that  the  vunous  net  which 
surrounds  the  pituitary  glands  on  all  sides,  and  adheres  closely  tn  the 
sphenoid  bone,  "receives  thence  a  diphic  venous  twig;"  by  which  i« 
meant  that  the  contents  which  this  nut  receives  from  the  pituitary 
gland  are  discharged  into  the  diploc,  or  into  the  interior  nf  the 
sphenoid  bone,  limit  ^  also  distinctly  admits  the  existence  of  such 
foramina  in  the  pituitary  fossa,  even  in  the  human  cranium.  Speak- 
ing of  the  bony  structure  of  the  sella  turcica,  he  says,  *'  Kot  anfre- 
qnently  we  find  behind  the  olivary  process — tuberculum  selliB — a 
second  more  shallow  and  narrower  transverse  groove  which  receives 
the  aiitorior  portion  of  a  circular  veaons  sinus  surrounding  the 
|HtULtary  gUnd.  The  low  |x)rtion  of  bone  which  separates  that  groove 
from  Uie  pituitary  fossa  behind,  occasionally,  on  either  side,  tenninate:i 
in  a  blunt  or  pointed  little  projection  called  the  middle  dinoid  proces8, 

'  Willis  (Th.).     •'Cerebri  Anatoine,'*eto.     London,  16(M  ;  p.  78. 

■  H<*ule(J.).  •' HandbuchderKnocheDlehredoaMpnschcD,"  Part  I.,  Section 
i.,  ot  hifl  "Ukndbuch  der  syBtcmatiachen  A&fttoiaio,"  etc  Third  edition, 
Braunachweig,  iS71  ;  p-  Ul. 
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.  .  .  Between  the  two  middle  clinoid  processes  thert  it  a  fine  foramen, 
or  severai  foramina,  through  which  vessels  enter  into  the  iniericr  of  the 
bune." 

Landzert^  says,  "  I  regularly  find  in  the  anterior  portion  uf  the 
sella  turcica,  in  the  fetns,  a  hole  of  considerable  aize,  into  which  the 
tnerobrano  which  invests  the  bottom  of  the  sella  lets  itself  down  ;  near 
that  hole,  or  a  little  behind  it,  I  £nd  a  few  smaller  foramina  which 
afford  an  entrance  for  nutritive  vessels." 

MUlUr*  also  speaks  of  a  vessel  which  enters  the  gland  from  the 
sphenoid  boue  underneath  ;  only  he  declares  that  vessel  to  be  an  artery. 
Ho  says  :  **The  glnnd  is  supplied,  at  least  very  frequently,  by  a  small 
arterial  branch  entering  from  below  through  the  sphenoid  bone.  I 
judgo  that  it  is  a  branch  of  the  arteria  pbaryngea  ascendens." 

10.  The  fact,  on  the  other  hand,  that  vessels,  after  first  pnasiog 
through  the  sphenoid  bone,  and  thence  through  the  anterior  proceed 
of  the  occipital  bone,  discharge  their  contents  into  the  jugular  vein,  is 
abundantly  proved  by  modem  experience — although  the  particular 
channels  were  not  known  to  Swedenborg,  when  he  elaborated  his 
theory  of  the  brain. 

On  this  subject  he  saya,  *'  Th/'  carcituU  Kupply  Uri'^^s  aUo  to  (he 
hone  undcmeafh  fur  the  conveyance  of  the  tpirttw/ut  Juice.  This  ia 
rendered  evident  by  the  experience  of  Willis  and  Vieossejis,  as  well  oa 
by  autopsy.  For  when  a  blackened  humour  ia  injected  into  the 
carotids,  the  substance  of  the  bone  is  dyed  thereby,  and  the  dye 
collects  in  dr^pB  in  its  little  crypto.  Willis  also  seems  to  assert  that 
the  little  arteries  enter  likewise  into  the  small  orifices  themselves^ 
which  are  open  in  the  bottom  of  the  sella  turcica.  And  Vieustsens 
maintains  that  little  brunches  of  the  carotid  ,  .  .  enter  the  substance 
of  the  bone  in  the  neighbourhood  of  the  four  petrosal  sinuses ;  further, 
that  the  caliber  of  the  upper  cerebral  trunk  of  the  carotid  is  conaider- 
obly  amiiUer  than  that  of  the  trunk  below  ;  fur  so  much  of  ita  ramifica- 
tion cannot  be  expended  simply  on  the  ganglion  of  the  fifth  pair  and 
the  optic  nerves,  that  a  sensible  diminution  would  result  thence.  .  .  . 
Wherefore,  mitst  of  the  branches  which  du  not  roturo  inU)  the  trunk 
seem  to  bo  expended  ujKm  the  bone  ;  and,  indeed,  for  this  renst^n,  that 
these  arturial  twigs  may  constantly  hold  out  and  sprinkle  blood  upon 
the  spirituous  lymph.  ...  In  order  that  bluod  may  thus  ba  Bprinklod 

>  Landxert  (Prof.  Tb.)>  "  Ueber  den  Cuulis  cranio •pharyngras  un  Schidel 
itHf  Nftttgeboroncn."  In  the  "St.  Pfit«nharger  McdioinlMbo  Zadtadvift,'" 
vol  zir,.  1B08. 

*  "  Op.  catat. 
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upon  the  spirituous  lymph  which  is  expressed  from  the  pituitary 
glandf  it  is  necessary  that  oerroos  fibres  should  apply  to  those  shoots 
of  the  '  rate  mirabile '  [that  ia,  of  the  carotids]  which  enter  the  sub- 
stance of  the  bone,  even  as  these  fibres  accompany  tho»e  shoots  which 
enter  the  gland.  For  this  purpose,  indeed,  that  at  the  same  moment 
when  the  carotid  is  expanded,  or  when  the  spirituous  lymph  ia 
expressed  from  the  gland,  the  blood  shall  be  sprinkled  upon  the 
spirituous  lymph  which  passes  through  the  lympheducts  in  the 
bone"  (6404 

Again  he  says,  "The  lympheducts  so-called  communicate  in  the 
interior  of  the  sphenoid  bone  with  blood-vessels,  us  appears  from 
Vieussens'  experiment  In  making  this  experiment  the  two  carotids 
are  tied  above  and  below  [the  sella  turcica],  and  then  a  coloured 
liquid  is  ii\jected,  when  the  bony  substance  becomes  dyed,  and  the 
injected  liquid  flows  out  of  a  section  of  the  bone.  This  is  a  decided 
proof  that  arterial  shoots  of  the  carotids  not  only  penetrate  the  bony 
substance,  but  also  communicate  with  those  lympheducts,  especially 
when  it  is  noticed  that  the  injected  liquid  trickles  out  in  droits.  Thia 
communication  is  for  the  purpose  that  the  spirituous  lymph  may  be 
mixed  with  blood,  bo  that  it  may  pursue  its  way  towards  the  lateral 
sinuses,  and  may  not  be  dissipated  on  the  way,  and  escape  "  (no.  625i'). 

From  this  it  appears  that  Swcdenborg,  on  the  basis  of  the  scientifio 
experience  of  his  age,  was  successful  enough  in  tracing  the  spirituous 
lymph — the  liquid  of  the  »ieond  order — from  the  pituitary  gland  inti> 
the  interior  of  the  sphenoid  bone,  and  in  having  it  thoroughly  mixed 
there  with  arterial  blood  from  the  caruLids — but  the  experience  of 
his  age  abandoned  him  in  the  determination  of  the  particular  vessels 
where  the  spirituous  lymph  mixed  with  arterial  blood  is  afterwards 
cuUected,  atid  whence  it  is  conveyed  into  the  jugular  veins. 

In  no.  699  he  simply  saya,  '*  Apertures  may  be  noticed  in  the 
bottom  of  the  sella  when  laid  bare — but  these  are  sometimes  obliter- 
ated— which  are  called  lympheducts,  and  when  water  is  injected  into 
them  it  penetrates  into  the  jugulur  veins."  And  a^ain  he  Bays, 
'*  The  superior  petrosal  sinuaes  seem  also  to  admit  the  fluid  o(  the 
$fc<md  order,  which  passes  through  the  bones  of  the  skull  ;  namely, 
that  portion  of  the  same  which  ia  not  poured  immediately  into  the 
jugular  veins  "  (no.  623). 

Mtxiern  scicnco  p»iiuts  out  two  series  of  vessels  which  empty  into 
the  jugular  veins,  and  derive  their  supply  of  blood  from  the  interior 
>.if  the  bones  of  the  skull,  between  the  sella  turcica  and  the  foramen 
magnum  of  the  occipital  bone.     One  of  these  systems  of  vessels  is  ua 
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the  interior  surface  of  the  craniuin  under  the  dura  mater ;  and  the 
uther  is  situated  on  the  exterior  surface  of  the  cranium  Immediately 
under  t]ie  inferior  petruaal  sinuses. 

ConceiTiing  the  former  of  these  vessels,  TheiU  '  says  in  his  edition 
of  S6inmering*3  Anginlogy,  '*  On  the  base  of  the  occipital  bone,  near 
the  dorsum  sella},  there  are  situated  transversOf  reticular  venous 
spaces  which,  with  the  exception  of  a  few  small  branches  from  the 
jM>ns  Varolii  and  the  medulla  oblongata,  do  not  receive  any  blood  oat 
of  the  parU  of  the  brain,  but,  on  the  contrary,  omX  of  (he  tubttawx  of 
the  hftne.  They  are  connected  on  each  side  with  the  cavernous  sinuses 
and  the  inferior  |)etro9al  sinuses^  and  posteriorly  with  the  venous 
plexuscH  of  the  vertebral  column."  Coucorning  this  syatera  of 
'*  reticular  venous  spaces,"  which  Virchow  calls  **  the  plexus 
basilaris,"  this  author  gives  us  the  following  additional  particulars :' 
"  If  you  make  an  incision  into  the  dura  mater  which  is  here  stretched 
out  tightly  and  smoothly,  you  will  find  that  it  is  attached  closely  only 
to  the  dorsum  selisc,  and  in  the  region  of  the  spheno-occipital  suture. 
Under  the  dura,  throughout  the  whole  intervening  space,  liea  a 
spongy  tissue,  which  under  favourable  circumstance  is  entirely 
saturated  with  blood.  .  .  .  On  removing  that  mass  from  the  surface 
of  the  bone,  the  latter  appears  rough,  uneveu,  almost  carious,  and 
perforated  by  largo  vascukr  foramina  filled  with  blood.  .  .  .  Tho 
surface  cif  the  bone  ia  here  entirely  bare,  without  any  periosteum,  .  .  . 
and  tht  vaseif  of  the  bone  communicate  immediately  with  the  super- 
ficial plexus." 

This  plexus  of  vessels,  formerly  called  the  "anterior  occipital  or 
transverse  sinus,"  is  discussed  more  fully  below,  iu  no.  37. 

The  other  series  of  vessels,  on  the  lower  aide  of  the  craninn?,  wliich, 
in  honour  to  its  first  discoverer,  wo  call,  *'  the  Cunal  of  T.ibarratii," 
for  reasons  which  are  more  fully  given  below,  we  consider  us  specially 
devoted  to  the  use  of  conveying  the  spirituous  lympb,  the'* fluid  of 
the  ifcond  order,"  from  the  interior  of  the  bonos  of  the  skull  into  tho 
jugular  veins.  Thia  duuble  canal,  which  extends  from  the  cavernous 
ainuaos  to  tho  jugular  veins,  was  discovered  in  1743  by  the  Ttulrnn 
anatomist  Pietro  Tabarrani,  und  although  the  attention  of  tho  learned 
had  been  directed  to  it  by  Ualler  in  his  "Elemeota  Fhysiologiaa,"  it 


>  Summering  (S.  Th.  v.).  "  V'om  Bane  dci  mcntchUehen  Korpcrs,"  "  Lchr« 
•90X1  dcti  Muakeln  uod  GefoMcn  de«  monschlichezi  Kurp«rs,"  uingearbeitct  vun 
F.  W.  ThoUe.     Leiprig,  IMl ;  p.  276. 
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hua  fiince  been  forgotten  again,  and  was  only  rediscovered  in  1 863, 
by  Dr.  Englisch  of  Vienna.  The  canal  of  Tabarraui  is  discussed  at 
greater  length  in  nns.  38-40  of  the  preeent  Note, 

How  fur  iSwedetiborg's  suggestion,  that  a  portion  of  the  "fluid  of 
the  tecond  order  "  is  received  also  by  the  superior  petrosal  sinuses,  is 
borne  out  by  the  investigations  of  modern  science,  will  I>e  seen 
below,  in  no.  32. 

20.  Additional  reasons  why  the  spirituous  lymph,  the  lymphatic 
blood,  should  seek  osseous  channeU  for  its  safe  passage  into  the 
jagalar  veins,  8wedenborg  advances  in  what  follows:  '*The  wisdom 
which  nature  displays  in  the  conveyance  of  said  lymph  appears  plainly 
from  this  consideration,  that  it  is  carried  away,  not  by  one,  but  by 
several  way»,  even  by  avenues  which  are  wrought  into  bone,  and  hence 
are  most  siifc.  For  wherever  nature  intends  a  constant  and  sure 
purpose  and  effect,  as  in  the  present  case  and  also  in  others,  it  mul- 
tiplies ways  and  means.  Nature  also  observes  a  proportion  between 
the  ways  or  channels,  and  the  liquid  which  is  to  be  conveyed ;  where- 
fore, in  the  calf,  these  foramina  ore  exhibited  to  the  sight,  and  ar6 
pervious  to  injections,  as  is  also  the  case  with  the  beak  of  the  infundi- 
bolum.  But  in  man  these  foramina  ore  almost  invisible,  except  in 
fresh  bone,  and  so  also  are  the  pores  of  the  beaked  infuudibulum. 
There  is  also  a  force  in  this  argument  that  the  abuve-mentioued  lymph 
flashes  afterwards  through  the  bono  by  the  sole  impetus  given  ^o  it  in 
the  gland,  or  is  carried  along  of  its  own  accord,  as  it  were  ;  since  there 
is  nothing  in  the  bone  to  press  and  urge  it  along,  as  i^  the  ease  witii 
veins,  sinuses  and  arteries,  which  are  engirded  by  membranes.  A 
reason  may  also  be  derived  from  this  circumstance,  that  these  passages 
are  in  the  sphenoid  bone,  and  ulbo  in  the  petrous  portion  of  the 
temporal  bone,  which  bones  are  always  tremulous  by  the  membranes 
of  the  ear ;  for  by  the  aid  of  that  tremulousness  the  spirituous  lymph 
of  the  gland  hastens  into  itii  terminal  vessels,  that  is,  into  the  jugular 
veins,  with  the  greatest  ease,  according  to  tlie  nature  of  its  elasticity. 
Wherefore  experience  testifies  that  the  blood  is  considerably  vivified 
by  the  expansion  and  dilatation  of  the  cerebrum  and  its  cranium,  as 
well  VLA  by  the  hilarity  of  the  mind,  the  harmony  of  sounds,  and  the 
vibration  of  the  ports  mentioned,  through  laughter  and  other  causes" 
(ua  e02«> 
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21.  The  function  of  the  anterior  lobe  of  the  pituitary  gland,  it 
eeems,  is  threefold.  Firtl^  it  contributes  it8  share  towards  the  pro- 
duction of  the  motion  of  the  gland  \  %tcondly^  it  flecrotes  a  refined 
serum  from  the  blood,  and,  thirdly,  as  has  been  observed  by  Prof. 
Leydig,  it  reanimates  and  restores^  at  least  in  some  animals,  exhausted 
blood-corpuscles. 

The  first  of  these  uses  has  been  discussed  above  in  nos.  6  and  8  ; 
where  it  was  shown  that  the  motion  of  the  anterior  lube  of  the  gland 
is  duo  to  the  expansion  and  contraction  of  the  smaller  arteries  with 
which  it  is  richly  supplied.  These  little  arteries  by  the  action  of 
nervous  twigs  springing  from  the  carotid  plexus  of  the  great  sym- 
pathetic norve  are  constricted  when  the  brain  contracts,  and  the  blood 
is  then  expelled  from  these  little  arteries,  but  when  the  brain  expands, 
the  carotids  dispatch  blood  into  the  little  vessels,  and  expand  the 
same. 

The  great  abnndance  of  vessels  in  the  anterior  lobe  has  been 
pointed  out  above  ;  where  it  was  likewise  shown  that  this  lobe  consists 
of  glandular,  epithelial  sacs  which  are  entwined  by  arterial  twigs. 
These  twigs,  according  to  W.  Muller,  "pass  over  into  a  net  of 
capillaries  of  0,01  to  0,802mui.,  whereby  the  glandular  substance  is 
entwined  with  meshes,  which  on  an  average  are  0,03 — 0,04mm.  in 
width." 

As  to  the  venous  outlets  of  these  ca]>illaries,  Swedenborg  says,  "  A 
few  venous  vessels  depart  thence  into  the  membrane  which  holds  the 
place  of  a  periosteum,  and  afterwards  they  are  carried  into  the  inferior 
transverse  [or  lower  intercavernous]  and  superior  circular  sinnsaa,  and 
partly  also  into  the  subntance  of  the  sphenoid  bone,  In  the  direction  of 
the  lateral  sinuses"  (no.  602i). 

Some  of  the  carotid  blood,  however,  after  contributing  its  share 
towards  the  production  of  muscular  motion  in  the  gland,  Swedenborg 
maintains  is  returned  again  to  the  carotids.  Thus  he  says,  "The 
third  species  of  an  arterial  net  enters  the  gUnd  from  the  carotid  on 
either  side;  for  this  purpose,  indeed,  that  the  muscle  of  the  gland 
may  be  in  a  condition  of  acting,  and  may  never  be  deprived  of  bloi>d 
which  enters  into  it  from  so  many  points,  into  which  it  may  also  ttow 
back — although  a  part  of  it  passes  likewise  into  the  little  veins." 

Swedenborg  does  not  draw  any  distinction  between  thd  veaona 
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blood  discharged  into  the  superior  circular  and  the  inferior  tronaveraa 
sinuses,  but  he  does  distinguish  between  the  character  of  the  sapenor 
petroaa)  sinuses,  which,  he  saya,  convey  a  highly  spirituous  and  muet 
volatile  blood,  and  between  that  of  the  cavernous  sinuses,  which  are 
the  receptacles  of  a  grosser  and  more  sluggish  kind  of  blood. 

A»  the  superior  circular  sinus,  ua  will  be  shown  presently,  empties 
ite  contents  mtvitly  into  the  superior  petrosal  sinuses,  while  the  inferior 
tmnsTerse  sinus  does  not  communicate  directly  with  these  sinuses,  but 
diacliarges  its  contents  into  the  cavernous  sinuses — it  follows  that, 
according  to  Swedenborg's  principle,  the  venoua  blood  received  by  the 
transverse  or  inferior  intercavernous  sinus  must  be  of  a  lower  quality 
than  that  which  is  infu^^  into  the  circular  sinus.  >yhi]e  the  circular 
sinua,  in  fact,  receives  the  highly  spirituous  lymph,  the  fluid  of  the 
firtt  order — secreted  and  elaborated  in  the  infundibulum  and  posterior 
lobe — the  transverse  or  inferior  intercavernous  sinus,  on  the  contrary, 
is  ft  receptacle  of  carotid  blood,  after  this  haa  been  utilized  in  the 
production  of  the  muscular  motion  of  the  gland,  and  which  blood,  in 
animiils  supplied  with  the  rete  mirubile,  is  returned  in  |>art  to  the 
carotids  themselves,  but  in  man  is  mostly  cullected  in  this  transverse 
sinus,  and  dispatched  thence  into  the  cavernous  sinuses,  as  well  as 
into  the  interior  of  the  sphenoid  buue. 

Swedenborg,  however,  as  we  have  seen  above,  in  no  16,  does  not 
maintain  that  the  whole  of  the  venous  blood  of  the  pituitary  gland  U 
derived  into  the  inferior  transverse  sinus,  but  some  of  it,  he  holds,  is 
also  claimed  by  the  superior  circular  sinus ;  and,  indeed,  fur  the 
purpose  that  the  spirituous  lymph  of  the  gland  which  is  discharged 
into  the  circular  sinus  may  be  '*  wedded  to  blood,"  so  as  not  to  escape 
on  iti  way  into  the  lateral  sinuses. 

That  the  inferior  transverae  sinus  collects  the  carotid  blood  after  ita 
use  in  the  pituitary  gland  has  been  accomplished,  is  plainly  indicated 
by  W,  MOUfT,  who  says,  "The  veins  into  which  the  arterial  vessels 
passed  over  in  the  embryo,  emptied  in  a  dense  plexus  situated  at  the 
sides,  and  also  at  the  bottom  of  the  sella ;"  and  again  he  says,  *'  thoea 
veins  in  the  adult  .  .  .  are  histly  discharged  into  the  cavernous 
sinuses." 

The  venous  plexus  mentioned  by  W.  Miiller  is  evidently  identical 
with  the  inferior  transverse  sinus  or  the  sinus  intcrcav&mosus  inferior 
(Henle).  Concerning  that  sinus,  JCey  and  R<tziu4\  sjiy  that  '* they 
always  found  it  larger  than  the  superior  circular  sinus,  and  always 
spread  over  the  fossa  pituitaria,  serving  as  a  nieona  of  communicatioa 
»  "Op.  ciUt.,"Tol.  i.,  p.  97. 
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for  the  cavernous  ainuses."  Thoy  also  state  that  "they  wewr  fo%£nd 
it  musing  in  the  numerous  subjects  which  they  examined  for  that 
purpose."  It  must  be  observed  here  that  these  anatomists  approached 
the  pituitary  gland  in  rt/u,  by  cutting  and  scraping  off  the  osseous 
bulwark,  the  sella  turcica,  from  below. 

This  probably  accounts  for  the  reason  why  ''they  never  found  that 
sinus  missing;"  while  other  authors  either  failed  to  notice  it  at  all,  or 
ouly  met  with  it  occasionally.  The  constant  presence  of  this  sinus  ia 
also  proved  by  the  casta  of  the  cavernous  sinuses  obtained  by 
corrosion,  which  Langer  made  the  basis  of  his  investigation.  (See 
above,  nos.  62Ie'  and  6*21j;.) 

The  inferior  transverse  or  lower  intercavernous  sinus  was  first 
described  by  Littrt,  who  says,  "  The  dura  mater  invests  the  bottom  of 
the  sella  turcica,  and  within  its  own  thickness,  along  the  middle  of 
that  cavity,  it  forms  a  little  fossula,  in  which  there  \a  situated  a  sinus, 
five  lines  long  and  one  line  broad  i  the  sides  of  which  are  perforated 
by  several  holes,  through  some  of  which  it  communicates  with  another 
sinus  which  is  situated  near  the  clinoid  process  "  (see  above,  ua  587), 
Halier ^  fiho  noticed  both  sinuses  mentioned  here;  he  says,  "Often 
there  is  a  transverse  sinus  cither  under  the  gland  or  sometimes  behind 
it;  it  conjoins  the  cavernous  sinuses."  ]Vinsl(m  called  the  transverse 
sinus  **the  inferior  circular  sinus." 

Among  modem  uuthora  this  sinus  is  ignored  altogether  by  Quain, 
Cruveilhier,  EUis  and  others.  Ilfnir  says,  '*  The  canal  at  the  bottom 
of  the  sella  turcica  is  identical  with  Wiuslow's  inferior  circular  sinus." 
Knott  ^  classifies  it  among  the  sinus  iniercavcmosi^  and  says,  **  A  sinus 
circularis  inferior  is  described  by  Winslow  beneath  the  pituitary  body, 
and  formed  by  branches  which  take  a  course  nearly  parallel  to  the  one 
usually  described.  I  have  found  it  in  six  eases  only  [out  of  forty- 
nine]  ;  in  twelve  ca>^es  there  was  a  single  intercavernous  vein  beneath 
the  pituitary  body." 

22.  The  second  function  of  the  anterior  lobe  is  that  which  is  carried 
on  by  the  glandular  ducts  or  sacs,  of  which  the  parenchyma  of 
this  lobe  mainly  consists,  and  which  sacs,  aa  we  have  seen,  are 
closely  engirded  by  a  web  of  arterial  capillaries.  The  organization 
of  the  anterior  lobe,  according  to  Mihalkovict^^  is  as  follows :  **  The 


'  ELftller.   "Elonvata  Pbytiologin,"  «to.    Lansanne,  1762 ;  Tom.  iv.,  p.  157. 

*  Knott  (J.  Freenuun^.  Dublin.     "The  Cerebnd  Sinusca  and  their  voria- 
tjona. "  in  *'  TniDsactiuiii  of  the  lutenuitiunttl  &leclicAl  Congtcea,  tcvonlb  Sd 
hold  in  London.  Au^'nat  2&d  to  9tb,  1681/*    London,  Ittfit ;  voL  i.,  p.  190^ 

»  •'  Op.  citat.,"  p.  8». 
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anterior  lobo  of  the  hypopbysiB  is  an  oblong  body  lying  in  anaLmoyt  hori- 
zontal position,  which  sends  off  a  narrow  prudaction  in  front  towards 
4ihe  cliiiLsma  of  the  optic  nerves.  .  .  .  That  portion  of  the  pituitary 
lanil  which  is  situated  in  front  of  its  central  cavity,  as  well  as  the 
production  of  the  gland  towards  the  infundibalum,  consists  of  blind 
epithelial  ducta,  0,018 — 0,03mm.  in  diameter.  These  blind  ducts 
are  enclosed  on  the  outside  by  a  fine  membrana  propria,  and  interiorly 
they  consist  of  small  roundish  and  polygonal  epithelial  cells  (4 — 5,u). 
Horizontal  sections  of  those  ducts  exhibit  those  cells  arranged  in  the 
form  of  rays,  although  here  and  there  a  narrow  lumen  may  be  dis- 
covered in  the  centre.  Between  these  blind  ducts  there  is  a  scanty 
supply  of  connective  tissue  with  an  abundance  of  vessels,  whereby 
the  ducts  are  entwined  in  the  manner  of  wickerwork." 

This  same  tubular  arrangement  prevails  in  the  production  which 
extends  from  the  anterior  lobe  towards  the  infundibuliim.  Snch  is 
the  uniform  description  given  by  the  authors  of  the  anterior  lobe  of 
the  pituitary  gland  as  it  exists  in  man  and  in  the  vertebrata  generally. 

To  this  description  LtydUj  ^  adds  the  following  important  facta 
in  the  ease  of  fishes,  to  which  we  have  already  called  attention.  In 
a  monograph  on  the  mikroskopic  anatomy  and  embryonic  develop- 
ment of  fishes  belonging  to  the  families  of  the  rays  and  sharks,  he 
says,  "Of  all  the  parts  of  the  brain  I  have  boon  struck  most,  on 
account  of  their  peculiar  structure,  by  the  infundibulum  and  the 
pituitary  gland.  With  respect  to  the  external  form  of  the  glsnd,  I 
have  to  mention,  first  of  all,  that  in  a  very  hirge  specimen  of  the  n^a 
davata  I  found  that  organ  grown  fast  to  the  basis  of  the  cranium, 
where  it  extended  symmetrically  to  the  right  and  left,  in  the  form  of 
a  yellowish  red  welt,  T"  in  length.  Under  the  mikroscope  it  was 
found  to  consist  of  connective  tissue,  which  stretched  out  in  the 
form  of  strands  and  fascicles  for  the  purpose  of  embracing  blind 
sacs  or  ducts,  which  were  occasionally  lengthened  out  iuto  canals, 
and  also  were  twisted.  The  ducts  are  filled  with  light,  clear 
cells.  Their  structure,  as  is  made  plain  from  all  this,  coincides  with 
that  which  is  noticed  in  some  vascular  glands.  This  structural 
arrangement^  however,  prevails  already  in  the  infundibulum ;  for  that 
organ  consists  of  oblong  ducts,  0,0540 — 0,0180"'  in  size.  The-de  ducts 
are  grouped  into  lobes,  and  contain  light,  clear  celU.  Very  many 
vessels  entwine  these  blind  ducts  throughout  the  whole  of  the  gland, 
and  what  appears  strange^  in  the  lateral  productions  of  the  gland, 

*  Lrydig  (Prof.  Fruaz).  **B«itrage  aur  niikroikopiichen  Anatomie  und 
Entwickelungigoschicht*  der  Koch«a  uud  Qaie."    Leipzig,  1852,  p.  12. 
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which  abound  in  veasela,  and  ohiefly  there,  aro  found  Llood-globulea 
in  their  varioua  retrograde  metamorphoses.  You  will  notice  there  in 
cells,  0,00675 — 0,0135"'  in  size,  all  the  intermediate  steps  from  the 
still  yellow  blood-globule  to  the  blackish  remnants  of  such  globules. 
The  final  state  of  these  cells  in  the  pituitary  gland  must  consequently 
be  described  as  a  transition  on  their  part  into  clear  lymphatic 
globules  of  0,00337.'"  At  least  the  intermediate  members  between 
the  lymphatic  gl*)bule8  and  other  globules  of  0,00675/"  which  contain 
the  sbarply-niaiked  fragments  of  blood-corpuscles,  are  far  too 
numerous  not  to  give  rise  in  the  mind  of  the  observer  to  this 
supposition." 

Prof.  Leydig's  observation  seems  to  make  it  very  plain,  that  while 
the  actual  composition  of  the  rod  blood  by  the  marriage  of  the 
spirituous  lymph  of  the  brain  with  the  chyle  of  the  body,  according  to 
Swedeoborg,  takes  place  in  the  viscera  of  the  thorax,  the  rejuvenation 
and  restoration  of  exhausted  blood-corpuscles,  at  least  in  some  subjects 
of  the  animal  kingdom,  takes  place  already  in  the  pituitary  gland,  and, 
indeed,  in  the  epithelial  sacs  of  its  anterior  lobe.  The  mechanism  by 
which  this  is  done  shall  now  be  explained  more  fully. 

In  order  to  do  so  we  require  first  of  all  a  more  minute  knowledge 
of  the  arrangement  of  the  glandular  ducts  or  sacs  of  which  the  anterior 
lobe  consists,  PereTneachko  *  explains  its  organization  thus,  "  Connec- 
tive-tissue bundles  of  considerable  size  depart  from  the  enclosing 
capsule  of  the  gland.  These  bundles  divide  the  anterior  part  of  the 
gland  into  five  or  six  round,  irregularly-formed  lobea.  Thence  Bmaller 
fascicles  depart,  0,0037'"  in  size,  by  which  these  lobes  are  divided  into 
lobules,  0,06'"  in  size.  From  these  lobules  still  finer  fascicles  branch 
off,  0,0012—0,0025'"  in  size,  by  which  the  smallest  glandular  lobules 
or  ductfi  are  separated.  Connective  tissue  thickened  into  a  kind  of 
membrane  extends  everywhere  between  these  least  fascicles ;  and  by 
that  membrane  the  glandular  ducts  are  enclosed  on  all  sides  in  such  a 
manner  as  to  present  entirely  closed  cavities."  In  another  place  he 
says,  •'  The  capillaries  which  everywhere  make  use  of  the  connective- 
tissue  membranes  in  this  part  of  the  organ  measure  0,0025'".  Their 
meshea  are  irregularly  round  or  oval  in  shape,  and  have  a  diameter  of 
0,0025 — 0,015'".  These  capillaries  do  not  engird  the  individual 
glandular  ducts,  but  groups  formed  by  the  some.*'  The  contents  of 
these  ducts,  as  we  have  seen  from  Mihalkovica,  are  epithelial  cella. 

The  anterior  lobe  thus  presents  the  following  arranj^roment.  Tlte 
individoal  glandular  sacs  have  each  a  membraua  propria  furuished 

*  "Op.  dUt.,"  pp.  330,  340. 
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interiorly  with  epithelial  cells ;  while  groups  of  these  sacs  or  dacta 
are  embraced  exteriorly  by  a  net  of  capillaries. 

Through  the  coatings  of  these  capillaries  exhausted  blood-colls 
divided  into  fragiueata,  as  observed  by  Prof,  Leydig  in  the  mja 
claintat  would  penetrate  ifito  the  interior  of  said  glandular  sac^. 

Iti  addition  to  these  blood-cells,  a  refined  serum,  as  is  usually  the 
case,  is  oho  secreted  from  the  coatings  of  the  capillarieai  Vet  only 
a  highly-refined  aenim  would  pas8  through  the  membrana  propria  of 
the  sacs  into  the  epithelial  cells  within. 

Thither  also,  through  lymphatic  vessels  described  by  Mihalkovics 
and  the  Brothers  Wenzel  (sec  above,  no.  16),  there  is  conveyed  from 
the  posterior  lobe  a  supply  of  spirituous  lymph  thoroughly  impregnated 
by  unimal  spirit — the  duid  of  the^ra^  order.  This  animal  spirit,  duly 
mixed  with  au  appropriate  serum,  distils  through  the  epithelial  cells 
into  the  interior  of  the  glimdular  sacs,  and,  as  has  been  observed  by 
Prof.  Leydig,  rejuvenates  and  restores  there  "fragments"  of  exhausted 
blood,  developing  them  "into  clear,  lymphatic  globules  of  0,003375"* 
in  size." 

This  rejuvenated  blood  consisting  of  ** yellow  blood-globules**  la 
then  gathered  up  by  the  veins  of  the  anterior  lobe,  and  through 
channels,  minutely  dfdcribed  by  Lutchka^  is  conveyed  into  the  superior 
circular  sinus. 

According  to  Luschka,  the  veins  which  depart  from  the  interior  of 
the  gland,  "on  either  side  of  the  gland,  are  gathered  together  into 
one  little  stem,  the  lumen  of  which  usually  becomes  viHible  in  a 
horixontal  section,  when  it  is  accurately  made  through  the  middle. 
.  .  .  Several  vessels,  in  the  form  of  rays,  meet  at  the  anterior  edge, 
while  only  one  larger  vessel,  or  several  feebler  twig^,  enter  at  its 
posterior  edge." 

The  vessels,  which  "  in  the  fonn  of  rays  meet  at  the  anterior  edge  '* 
of  the  lumen  of  the  venous  stem,  would  thus  convey  to  the  superior 
circular  sinus  the  blood-eella  which  have  been  transformed  into  "clear, 
lymphatic  globules,"  floating  in  a  suitable  serum  ;  while  the  vessels, 
which  enter  at  the  posterior  edge,  aa  we  saw  in  no.  16,  would  convey 
there  the  bahinco  of  the  spirituous  lymph  surcharged  with  animal  spirit 
which  has  been  prepared  in  the  posterior  lobe.  Such  seems  to  be 
the  function  of  the  epithelial  sacs  which  are  encompassed  by  a  network 
of  arterial  capillariea.  At  least  such,  as  we  are  justified  in  concluding 
on  the  basis  of  Prof.  Leydig's  observations,  is  the  function  of  these 
sacs  in  fishes — but  whether  these  sacs  exercise  the  same  function  also 
in  nuu),  we  are  not  prepared  to  decide  either  in  the  afiirmative  or  in 
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tbo  negatire.  There  are  argnmente  in  favour  of  either  position.  Id 
opposition  to  the  theory  it  may  be  mentioned  that  the  pituitary  gknd 
in  man  generally  reeeives  only  the  purest  arterial  blood  freah  from 
the  heart,  which  does  not  require  rejuvenation ;  although  when  the 
blood  ia  generally  poor,  it  is  posaible  that  it  may  receive  strength  in 
the  pituitary  gland,  before  proceeding  on  its  further  journey  in  the 
brain.  In  favour  of  the  theory,  however,  it  may  be  mentioned,  that 
as  the  general  function  of  the  whole  pituitary  gland,  according  to 
8wedenborg,  consiata  in  contributing  to  the  rejuvenation  and  restora- 
tion of  the  whole  venous  blood  of  the  body,  it  would  seem  in  harmony 
with  the  general  use  of  the  gland,  that  a  portion  of  the  gland  should 
carry  on  this  work  of  rejuvenation  in  the  gland  iuolf  when  needed. 

Another  use  of  the  epithelial  aacs,  however,  which  are  filled  with 
clear  lymph,  it  seems,  consists  in  contributing  to  the  elasticity  of  the 
glaud,  and  hence  to  its  muscular  motion  ;  for  each  of  these  epithelial 
aacs  would  naturally  serve  in  the  place  of  an  elastic  cushion. 

23.  An  additional  use  of  the  anterior  lobe,  as  already  mentionedi 
consists  in  the  secretion  of  a  pure  serum  from  the  capillary  netii,  by 
which  the  epithelial  sacs  are  embraced.  This  serum  would  only  be 
partially  used  for  the  rejuvenation  of  blood-particles,  but  the  bulk  of 
it  would  be  required  for  equali;!ing  and  adjusting  the  s^tiritnous  lymph 
secreted  from  the  ventricular  liquid,  which  collects  in  the  central  cavity 
of  the  gland. 

For  this  cavity,  according  to  Feremeschko,  ia  not  situated  exactly 
between  the  anterior  and  posterior  lobes ;  but  in  front,  as  well  as  in 
the  rear,  it  is  enclosed  by  glandular  sacs  engirded  by  a  capillary  net- 
work. The  division  immediately  behind  the  central  cavity  which 
Peremoschko  calls  the  "  Markschicht  " — medullary  zone — consists  of 
larger  glandular  ducts  than  is  the  case  in  the  division  in  front,  in  the 
anterior  lobe  proper.  The  capillaries  also  are  much  more  powerful  in 
the  "  Markschicht^"  than  in  the  '*  Korkschicht "  of  Petemeschko,  or  In 
the  anterior  lobe  pro|>er. 

As  the  central  cavity  or  canal  ia  thus  enclosed  on  all  sides  by  glan* 
dular  ducts  encircled  by  capillary  nets,  a  refined  serum,  whenever 
required,  would  naturally  be  distilled  from  these  capillaries  into  the 
spirituous  lymph  contained  in  the  central  cavity ;  and  this  constitutes 
a  third  use  of  the  anterior  lobe  of  the  gland. 

In  his  later  work  on  the  brain,  Swedenborg  expresses  himself  very 
cautiously  on  tlio  secretion  of  a  refined  serum  in  the  glaiul  He  saya 
simply,  "Whether  the  secretion  of  the  little  arteries,  which  are  very 
l^lenufol  in  the  texture  of  the  gland,  Is  ah»o  added  to  the  volume  of 
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the    lymph,   maj  be    inferred,   bat    not  asserted   with    certainty " 
(no.  596). 

In  his  earlier  work,  however,  he  plainly  asserts  that  nucli  is  the  cAHei 
and  he  devotes  an  entire  ftoction  in  the  discussion  of  this  theme,  namely, 
that  "  to  the  spirituous  lympli — to  the  fluid  of  the  second  order — the 
pituitary  gland  adds  a  quantity  of  a  refined  serum  from  its  little 
arteriee"  (uo.  602/). 


6,  The  Third  Fluid  exereUdfrom  the  Pituitary  Gland. 

24.  The  fluid  of  the  third  order,  which  is  excreted  from  the  pituitary* 
gland,  has  been  incideutully  treated  throughout  the  whole  uf  the 
present  Xote.  The  character  of  this  fluid,  which  is  the  residuum  of 
the  ventricular  liquid  after  the  spirituous  lymph — the  fluid  of  the 
tet^xnd  order — has  been  drained  off  from  it  in  the  iufuii<libulum. 
according  to  Swcdenborg,  is  qb  follows,  "It  is  composed  of  the 
lymph  of  the  choroid  plexuses,  which  eUo  seems  to  be  charged 
with  nervous  juice — cerebro-epinal  liquid "  (no.  625^).  WhiJe 
it  partakes  thus  of  a  lower  character  than  the  spirituous  lymph — 
the  fluid  of  the  atamd  order — it  yet  contains  important  ingredients  for 
the  fonnation  of  the  red  blood,  and  it  belongs  to  the  same  level  of  com- 
position as  the  red  blood  itself.  Through  si>ecial  pores  or  tubes  this 
fluid  is  conveyed  from  the  infundibulum  into  the  posterior  part  of  the 
gland,  where  it  collects  on  the  surface  of  the  gland  under  a  production 
of  the  dura  mater.  And  during  the  expansion  of  the  gland  this  scrum 
is  discharged  into  the  cavernous  sinuses  through  an  intercavernous 
sinus  or  vein  which  runs  along  the  lower,  posterior  surface  of  the  gland. 

Swedvnborg'ft  own  statement  of  the  process  by  which  the  above 
fluid  is  tirst  secreted  in  the  iufuudibulum,  and  afterwards  excreted 
from  the  pituitary  gland,  is  as  follows : 

''When  the  cavity  of  the  infundibulum  ls  constricted,  and  its  beak 
or  process  erected,  the  enclosed  moisture  is  expressed  by  two  ways ; 
namely,  the  lighter,  purer  and  spirituous  portion  is  pressed  into  the 
porous,  bibulous  and  medullary  substance  of  its  walls,  and  thence  into 
the  beuked  process  which  is  inserted  in  the  pituitary  gland,  while  the 
heavier,  groaser  and  earthly  portion  is  urged  into  some  lateral  ducts 
and  processes  in  proximity  to  the  pia  mater  which  acta  as  a  lining, 
and  thence  it  is  expressed  above,  around,  and  below  the  pituitary 
gland"  (no.  f)70). 

That  such  a  grosser  serottity  |{rota  the  infundibulum  is  excreted 
around  the  pituitary  gland,  Swedenborg  says,  in  another  place,  "  ia 
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completely  borne  out  by  experience.  For,  sccordlDg  to  VleufiseiiB,  the 
purer  essence  of  an  injection  only,  not  the  dye,  that  ia,  aimply  its 
most  subtle  particles,  make  their  way  down  upon  the  upper  and  lateral 
portions  of  the  gland,  passing  along  the  infundibulum,  not  quickly, 
but  gradually.  According  to  Ridley,  coloured  infusions  pass  through 
the  infundibulum  only  very  suijerGclally.  .  .  .  Littre  states  that  a 
liquid  ia  always  noticed  around  the  gland  in  which  it  seems  to  be 
bathed.  .  .  .  The  pituitary  gland  ia  so  placed  in  its  capsule  and 
engirded  'with  pia  mater,  and  at  the  same  time  with  dura  mater,  that 
not  a  single  drop  of  the  humour,  passing  down  upon  its  surface,  is  able 
tu  ooze  out  except  through  openings  established  for  this  purpose, 
which  terminate  exclusively  in  tho  cavernous  sinuses  and  in  the 
inferior  petrosal  sinuses"  (no.  58 ly). 

As  to  the  particular  place  where  this  serum  is  collected,  before  it  is 
discharged  into  the  cavernous  sinuses,  8wedenborg  says,  "The  gland 
dischurges  this  serous  juice  in  the  direction  of  that  posterior  part  of 
tho  sella  where  a  quantity  of  it  collects  and  bathes  the  gland.  This 
[part  is  between  the  two  sides  of  the  gland  which  are  occupied  by  the 
carDtids;  it  is  a  kind  of  posterior  receptacle,  and  ia  a  complement  of 
the  two  cavernous  sinuses.  It  ia  there  where  the  two  posterior  clinoid 
processes,  with  their  ligamentous  productions,  reach  out  towards  the 
gland,  and,  as  it  were,  enclose  said  posterior  receptacle,  distinguishing 
it  from  the  lateral  cavernouft  minuses.  ^langet  places  it  beyond  doubt 
that  there  is  here,  under  the  production  or  duplicuture  of  the  dura 
mater,  a  cummuuication  between  the  gland  or  between  the  cavity  of 
the  sella  turcica  and  the  cavernous  sinnse.^.  He  states  that  '  there 
is  a  channel  of  communication  between  the  posterior  surface  of  the 
posterior  clinuid  processes  and  the  production  of  the  dura  mater,  no 
less  than  [in  front]  between  the  gland  and  the  sella,  which  latt^ 
communication  ia  of  the  same  kind  as  the  former.'  ...  As  to  the 
rest,  the  fact  that  there  \a  a  commuuicatiun  iu  said  place  seems  to  be 
denied  by  moat  authors  "  (no.  602A). 

What  does  modern  science  say  to  all  this  ? 

25.  Modern  science  hua  not  vcr)-  much  to  say  either  in  favour  or  in 
opposition  to  the  stalt-ment*  made  by  Swedenborg.  Tho  only  observers 
in  fact  who,  sroce  Bwedenborg's  time,  have  followed  op  the  reaulta 
which  Vieui^sens,  Uidley  and  Littre  ol:  '  '  injecting  tho  tofundl' 
bulum  and  the  pituitary  gland,  are  th'  i^  Wrnxti  iu  1812,  and 

more  recently,  ia  1679,  Scpotinx.  Tho  results  of  these  oUcrvera, 
however,  prove  tnconteiitably  that  there  is  a  direct  line  of  commvnica- 
tion  for  a  grosser  fluid  between  the  pijdturiur  surface  uf  the  gland  tod 
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the  third  ventricle.  The  account  which  the  Brothers  Wtmd'^  give  of 
their  particalar  experiment  id  as  follows  : — "  On  the  ninth  of  October, 
1800,  we  cat  the  infondibulum  of  a  young  man  near  the  third 
ventricle.  The  brain  was  thtsu  taken  out.  On  exauiiuiug  with  a 
manual  mikroscope  the  dissected  surface  of  the  infundibulum,  we 
could  not  diacuver  there  any  opening.  This  time  we  had  resolved  to 
effect  an  injection  through  the  posterior  lobe  of  the  hypophysis  in 
order  to  see  whether  anything  of  the  injected  liquid  would  pass  thence 
into  the  infundibulum  and  into  the  anterior  lobe.  For  this  purpose 
we  removed  out  of  the  posterior  wall  of  the  sella  with  a  chisel  go 
much  of  the  bone  until  a  small  portion  of  the  surface  of  the  posterior 
lobe  WHS  plainly  visible.  After  perforating  the  membrane,  which 
Lined  that  lobe,  with  a  pair  of  scissors,  we  introduced  the  small  tube 
of  a  syringe  through  the  opening  into  the  substance  of  the  lobe,  yet 
ntit  beyond  the  distance  of  a  line.  In  order  to  give  to  the  syringe 
a  horizontal  direction,  we  cut  a  triangtUar  piece  out  of  the  occipital 
bone.  At  the  first  injection  the  injected  liquid  rose  from  the  surface 
of  the  dissected  infundibulum  like  a  little  fountain.  But  whether 
it  came  out  of  one,  or  out  of  several  openings  in  the  infundi- 
bulum we  could  not  tell.  We  repeated  this  experiment  several 
times,  always  with  the  same  result  Finally  wo  took  out  the  hyix>- 
physis,  and  dissected  it  horizontally  through  the  middle.  In  the 
anterior  lobe  we  did  not  discover  anywhere  any  trace  of  the  injected 
liquid.  Chibtly  the  middle  part  of  the  posterior  lobe,  where  the 
little  tube  hud  been  inserted,  was  blue.  At  its  anterior  margin, 
except  where  the  infundibulum  is  inserted,  nothing  whatever  of  the 
injection  appeared  "  (p.  229). 

Here  the  practical  proof  is  furnished  of  the  existence  of  a  channel 
of  communication  for  a  fluid  of  a  grosser  nature,  between  the  pi>sterior 
part  of  the  pituitary  gland  and  the  infundibulum  ;  since  an  injection 
of  a  grosser  nature  passed  with  the  greatest  case  from  the  former  into 
the  latter  organ,  without  anything  of  the  injection  reaching  either  the 
anterior  part  of  the  posterior  lobe,  or  any  part  whatever  of  the 
anterior  lobo. 

In  their  account  of  this  experiment,  the  Brothers  Wenzel  do  do! 
describe  the  particular  course  the  injection  took  in  reaching  the  infun- 
dibulum ;  nor  do  these  observers  specify  the  particular  stratum  of  the 
iisterior  lobe  through  which  the  injection  took  place.     They  simply 
that  they  **  introduced  the  small  tube  of  a  syringe  into  the  substanco 

'  VVensol  (Josephni  «t  Cnrolus),     **I>e  penitiori  stmcton.  cerebri  hominis 
et  brutorum."    Tuliing*.  1812,  fol. 
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of  tlie  lobe  tlirougb  the  opening,  yrf  mot  beyond  the  dxttantx  of  a 
lint." 

Peremtschho '  is  able  to  tell  ua  through  what  stmtam  of  the  posterior 
lobe  they  operated,  li^  says,  **  The  posterior  lobe  of  the  hypophj-ais, 
as  \&  voU  known,  is  surroimdcd  by  a  capsule  common  to  both  lobea. 
In  Bomo  animals  (calf)  the  connection  between  the  capsule  and  the 
pQBterior  lobe  proper  ia  eflected  through  a  special  system  of  meshee, 
the  trabeculffi  of  which}  contalniug  numerous  pigment-cells,  start  from 
the  capsule  and  are  U»at  in  the  posterior  lobe.  The  meshes  are  of 
considerable  size,  &o  that  when  examined  by  the  naked  eye  they  im- 
part to  that  portion  of  the  capsule  a  spungy  appearance.  These 
modhes  are  further  provided  with  a  scanty  finely-granular  mass  with- 
out any  morjHiological  elements,  which  adheres  to  the  trabeculae. 
The  thickness  of  that  particular  stratum,  when  examined  from  the 
front  backwards,  amounts  to  0*4mm.,  and  may  be  examined  best  in  a 
section  made  through  the  middle  of  the  gland  of  a  calf.  The  posterior 
portion  of  the  capsule,  where  it  is  conjoined  with  the  above-mentioned 
system  of  meshes,  preBcnta  a  stratum  of  considerable  thicknoas,  whioh« 
when  meaanred  from  the  front  backwards,  amounts  to  almost  2uun. 
The  nuked  eye  is  able  to  distinguish  it  from  the  remaining  strata  by 
its  shining  colour.  The  whole  of  this  stratum  conaista  almost  ex- 
clusively of  connective  tissue.'' 

The  thickness  of  the  whole  capsule  in  that  particular  part  of  the 
posterior  lobe  where  the  Brothers  Wenzel  operated^  that  ia,  snppoM 
the  arrangement  of  the  pituitary  gland  in  the  calf  applies  also  to  man, 
according  to  Peremeschko,  amounts  to  2mm. ;  while  the  dimension  of 
the  posterior  lobe  proper,  according  to  the  same  authority,  in  the 
upper  portion  of  the  gland  amounts  to  1  '8mm.,  and  in  the  lower  por 
taon  of  the  gland  to  2*5mm. 

This  then  would  show  that  the  Brothers  Wenzel  in  their  experiment 
did  not  reach  the  body  proper  of  the  posterior  lobe,  but  injected  the 
inner  portion  of  the  capsule,  which  presents  a  '*  spongy  appearance,*' 
aud  consUtfl  of  a  '^  system  of  meshes,"  that,  from  Peremescbko's 
description,  seems  eminently  fitted  for  the  storing  up  and  the  tran^* 
mission  of  an  injection,  and  thus  of  a  grosser  serum. 

26.  The  result  obtained  by  the  Brothers  Wenzel,  as  interpreted  by 
Peremeachko'a  experience,  is  borne  out  in  every  respect  by  the  minute 
account  fumiahed  by  SupoUni "  of  the  interesting  cxp«:rimenta  insti- 
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tuled  by  himself.  He  says,  "  1  prepared  a  solution  of  a  few  droi»s  of 
very  pure,  red  aniline  in  two  grammes  of  distilled  water.  I  took  a 
head,  from  which  was  removed,  in  a  circle  all  around,  the  cranial 
covering,  so  oa  to  expose  the  onccphalon.  Keepiug  it  iu  its  nurmal 
position,  I  plunged  it  into  a  tepid  bath,  of  which  the  temperature  wua 
graihmlly  increased  until  at  last  the  heat  reached  29-30  degrees  of 
Keuumur  [97-100  degrees  Fahrenhtiit].  After  that  operutiou,  which 
lasted  about  thirty  minutes,  I  removed  the  dura  and  pia  maters,  and 
gradually,  in  proportion  as  I  removed  the  cerebral  lobes  by  a  cut,  I 
raised  the  base  of  the  encepbalon  out  of  the  bath ;  yet  without  un- 
covering the  ventricles,  for  fear  of  allowing  the  water  to  penetrate, 
ftud  being  very  careful  at  the  same  time  to  keep  the  water  at  the  same 
temperature.  ...  I  now  removed  from  the  corpus  callosum  the 
portion  which  corresponds  to  the  riKif  of  the  third  ventricle,  as  well 
aa  another  piece  under  the  fornix,  and  after  wiibdrawlog  the  velum 
interjKwitum,  I  very  gently  drew  aside  the  choroid  plexuses.  Through 
the  window  thus  obtained,  I  now  introduced  my  blue  liquid.  After 
the  introduction  uf  the  coloured  liquid,  I  let  the  preparation  rest  for 
twenty-four  hours,  leaving  the  head  in  its  nonnal  p<:)sitlon.  In  the 
nioniitig  I  began  the  examination  of  the  head,  and  opened  the  third 
veutricle  by  removing  the  cerebral  mass,  when  I  found  this  cavity 
dyed  blue  throughout.  I  now  removed  the  whole  of  the  encephalon, 
including  the  septum  lucidum,  retaining,  however,  the  anterior  part 
of  the  cerebrum.  I  thus  reached  the  infundibulum,  the  whole  of 
which  I  found  dyed  blu&  In  order  to  facilitate  my  examination,  I 
had  to  saw  the  cranium  through  horizontally,  aa  \\t  as  the  dorsum 
selloiu  The  dorsum  sellsa  itself  I  also  removed  with  a  pair  of  sharp 
scissors,  and  with  iufiuite  care  I  detached  the  dura  and  pia  matera 
from  the  infundibulum  and  the  processus  infundibuli.  After  having 
finished  these  preparatory  steps,  and  having  placed  the  head  iu  its 
nunnal  |Muitioii,  I  proceeded  to  cleave  the  infundibulum  from  top  to 
buttom,  being  guided  all  the  while  by  the  blue  dyo.  I  divided  a.<9 
well  the  processus  infundibuli,  which  displayed  the  blue  colour  already 
on  its  outside.  The  division  was  carried  on  as  far  as  the  superficial 
groove  in  the  pituitary  gland,  which  I  also  cleft  I  now  had  no  longer 
any  doubt  as  to  the  existence  of  a  canal  from  the  third  ventricle,  a^ 
far  aa  the  groove  m  the  gluud.  When  I  reached  that  groove,  the 
processus  infundibuli,  1  repeat  it  here,  presented  in  ite  interior  a 
circular  constriction. 

*'  I  now  made  another  preparation  exactly  like  the  first ;  that  is.  I 
iutroduced  the  blue  liquid  into  the  third  ventricle.     While  the  head 
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"n'os  8till  in  tbe  bath,  and  after  having  removed  the  anterior  cerebral 
lobes,  I  placed  my  forefinger  od  the  auterior  portion  of  the  pituitary 
gland ;  and  I  was  able  to  observe  thai  by  this  pressure  I  caused  a 
kind  of  undulation  on  the  level  of  the  liquid  contained  in  the  third 
ventricle,  I  noticed  distinctly  this  undulation,  and  unless  I  have 
been  the  victim  of  an  optical  illusion,  I  can  deckro  that,  after  the  first 
pressure  which  I  exerted  on  the  pituitary  gland,  with  the  aid  of  a 
niagnifying-glass,  I  saw  an  air-bubble  appear  on  the  level  of  the  intra- 
ventricular liquid.  At  other  times,  however,  when  I  tried  the  same 
experiment  with  other  heads,  I  failed  to  obtain  the  same  result.  The 
processus  infundibuli,  consequently,  is  hollow,  and  it  constitutes  a 
canal  which  not  only  reaches  to  the  groove  of  the  pituitary  gland,  but 
extends  even  much  farther. 

"After  having  done  all  thia^  I  expo.sed  the  large  lobe  of  the 
pituitary  gland,  and,  in  order  to  make  my  task  easier,  I  removed  aluo 
the  anterior  clinoid  processes.  I  now  made  an  incision  into  that  lobe 
from  the  front  backwards,  and  after  passing  through  a  reddish  stratum 
about  1mm.  in  thickness,  I  felt  that  I  was  cutting  into  a  substance 
which  offered  less  resistance.  The  first  stratum  constituted,  so  to  say, 
an  envelope,  of  which  the  second  substance  was  the  nucleus.  Thia 
latter  substance  was  gninular,  and  presented  not  the  least  trace  of  a 
blue  colour.  .  .  .  But  to  proceed.  With  fine  needles  and  small 
])incers  I  removed  the  granular  mass  which  constitutes  Uie  internal 
layer  of  the  large  lobe  of  the  pituitary  gland;  I  removed  it  piece- 
meal, grain  after  gmin,  until  at  last  I  reached  the  centre  of  the  gland. 
At  first,  the  substance  upon  which  1  operated  became  less  consistent, 
mitil  at  last  it  ceased  altogether,  and  I  arrived  at  a  kind  of  very  amali 
semicircular  cavity.  ...  I  re[>eated  my  experiments,  and  became 
convinced  that  in  the  large  lube  of  the  gluud  there  is  a  small  cleft,  a 
line  in  width,  the  concavity  of  which  is  turned  towards  the  small  lobe. 
In  this  cleft  I  noticed  only  the  slightest  bluish  tinge,  probably  the 
result  of  imbibition.  The  processus  infundibuli  evidently  did  not  dip 
into  this  small  cavity." 

The  cleft  or  cavity  which  Sapoliui  di.^covered  here  was  evidently 
the  central  canal  described  abuve  by  Peremeschko,  which  receives  tho 
spirituous  lymph,  the  fiuid  of  the  second  order,  from  tho  iufuudiljulura 
through  a  passage  filled  with  epithelium.  SnpoHni  cnntinuea  ;  *' I«ot 
lis  proceed  nnw  t^i  the  examination  of  tho  small  posteriiir  lobe  of  the 
gl;md.  In  foUuwing  up  this  examination,  1  began  with  laying  open 
Uie  processus  infuDdibuli,  by  making  an  incision  into  it  in  on  anleru. 
podtcriur  direction.  .  .  .  When  I  made  such  an  iuuiaiuu,  (rum  the 
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centre  towards  the  circumference,  also  into  the  small  lobe.  I  saw  that 
in  the  whole  lobe  there  was  but  one  aubstanoe,  quite  different  from 
the  two  anbfttances  which  constitute  the  anterior  lobe.  .  .  .  The  dis* 
eecting  needle  cuts  that  substance  with  the  greatest  ease,  and  some- 
times manages  to  tear  it.  After  {Missing  through  a  distance  of  2mni., 
the  needle  met  with  no  further  resistance.  Upon  withdrawing  the 
needle  I  found  it  dyed  blue.  I  now  made  another  incision,  likewise 
from  the  centre  towards  the  circumference^  which  came  out  Imni. 
behind  the  processus  infundibult ;  and  upon  joiain^  the  two  incisions,  I 
managed  to  extract  a  triangular  slice.  I  then  discovered  that  in  the 
fiubstance  of  the  small  lobe  there  was  a  cavity  which  waa  entirely 
dyed  blue." 

This  second  cavity  was  the  system  of  meshes,  described  by  Fere- 
meschko,  which  exists  between  the  substance  of  the  posterior  lobe  and 
the  capflule  of  the  gland ;  this  capsule  is  exceedingly  thick  about  the 
middle  of  the  posterior  surface  of  the  gland.  In  this  system  of  meshes, 
as  we  have  shown  abovo,  there  is  cuUectod  the  grosser  serum,  the  fluid 
of  the  UUrd  order,  excreted  by  the  gland.  Sapolini  concludes :  **  It 
waa  my  aniline,  which,  starting  from  the  third  ventricle,  had  passed 
through  the  infundibulum,  and  the  processus  infundibuU,  into  that 
cavity  of  the  gland.  By  this  experiment,  therefore,  ttiere  ia  estab- 
lished the  existence  of  a  perfect  communication  between  the  central 
portion  of  the  posterior  lobe  and  the  third  ventricle.  But  what  is 
that  orbicular  constriction  of  the  processus  infundibuli  ?  Is  it  u 
valve,  a  sphincter  1  For  two  years  I  laboured  in  trying  to  solve  thii 
question ;  but  although  I  multi[}lied  my  experiments,  I  am  still  in 
doubt  on  the  subject." 

In  examining  more  closely  Sjpoliui's  account  of  his  last  experiment, 
we  miss  a  direct  statement  whether  iu  this  latter  experiment,  as  he 
did  in  a  former,  he  had  removed  the  enclosing  membrane  from  the 
infundibulum  and  its  process.  Nor  does  he  state  through  what  par- 
ticular substance  of  the  infundibulum  and  of  the  gland  his  aniline 
solution  had  percokted  intu  the  receptacle  of  the  posterior  lobe.  That 
biii  solution,  at  least  in  some  degree,  had  f>assed  underneath  the  pia 
mater,  he  states  in  the  account  of  his  first  ex^^erimcut,  where  he  had 
removed  both  "the  dura  and  the  pia  maters"  from  the  infundibulum 
and  its  pn>cea8  ;  for  he  says,  in  the  description  of  tliut  experiment, 
that  ^'^  the  blue  colour  had  ap[iearGd  already  on  the  outride,"  and  thus 
in  that  part  of  the  infundibulum  which  was  immediately  underneath 
the  pia  mater  which  had  been  removed.  On  the  outside  of  the 
iniuodibuium  and  uf  ita  proce&s  thus  laid  bare,  the  aailiDO  solutiuu 
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eeems  to  liare  passed  into  what  Sapolini  descnbes  aa  "  a  cavity  in  the 
ettbetance  of  the  small  lobe  which  was  entirely  dyed  blue."  At  letiAt 
he  does  not  mention  anywhere  that  the  substance  itself  of  the  small 
lobe  had  ako  been  dyed  blue.  In  his  account  of  the  substance  of  the 
posterior  Inbe,  which  he  examined  in  an  aiitcro-posterior  directiuu 
after  it  had  been  injected,  he  simply  wiys,  *' After  passing  through  a 
distance  of  2mm.,  the  needle  met  with  no  further  resistance,  and  on 
withdrawing  the  same,  I  found  it  to  be  dyed  blue/'  because  it  had 
dipped  into  the  cavity  and  receptacle  between  the  nucleus  of  the 
posterior  lobe  and  its  integument. 

The  Brothers  Wenzel,  who  upproocliodlthe  glnnd  fnim  behind,  and 
injected  it  through  an  aperture  made  into  the  cai)8ule,  ileclare  [H>silively 
that  the  anterior  part  of  the  posterior  lobe  was  not  afTected  by  their 
coloured  injcctiun.  But  oa  their  injection  paased  from  the  gland 
eniiily  into  the  cavity  of  the  infundibulum  through  its  proce;i^s,  it  mu«t 
have  done  so  through  some  passages  between  the  iutegument  of  the 
gland  and  the  substance  proper  of  its  pc>sterior  lobe. 

The  integument  of  the  gland  seems  to  be  of  varying  thickness;  for 
while  in  the  posterior  part  of  the  small  lobe,  where  it  is  fastened  to 
the  sella,  it  is  generally  uncommonly  tbick,  and  in  the  cose  of  the 
calf  amonnts  to  2mm., — around  other  parta  of  the  same  lobe,  and 
also  around  the  whole  outer  surface  of  the  anterior  lobe,  it  is  occasion- 
ally quite  thin,  aa  appears  from  Peremcschko's  diagrams,  and  aldo 
from  the  following  remarks  of  the  Brothers  WenzeP  :  "  In  certain  places 
tin  the  surface  of  the  hypophysis,  the  enclosing  membrane  is  thinner 
than  in  other  places  \  whence  it  is  that  the  substance  of  the  hypophytti:^ 
is  there  translucent.  That  portion  of  the  mombrune,  however,  which 
lines  the  smaller  lobe  of  the  hypophysis  seems  to  be  thinnest  of  all ; 
wherefore,  if  you  wish  to  extract  the  gluuJ  uuimj>uired,  you  must  lie 
extremely  careful  just  there." 

Still,  however  thin  the  integument  of  the  gland  mity  be,  and 
especially  immediately  behind  the  place  where  the  proceasu.s  iufuii' 
dibuli  is  inserted  in  the  posterior  lube — passages  for  the  coureyauce 
of  a  senim  of  a  lower  order  nevertheleff*  exist  there,  aa  is  proved  by 
the  following  observation  made  by  W,  Mvlier^  in  the  prooeosuH 
infundibuli  and  the  pituitary  gland  of  newly  boni  iiifants.  Uu  Bays, 
**0a  the  posterior  surface  of  the  gland,  near  the  point  wh«ro  it 
touchee  the  proccaetua  infandibuli,  there  are  BevenLl  huUow  spocw, 
0»5ium.  in  length  and  0,1mm.  in  breadth,  which  are  lined  with  sh^rt 

>  "Op.  citat/' p.  210. 
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cylludrtcal  epitheliam  0,006min.  in  length  and  0,004mm.  in  tUickaesa." 
In  speaking  of  tho  same  parts  in  adults  he  aajs,  *'  Near  the  posterior 
surface  of  the  gland,  holloa  spaces  of  considerable  size  arc  invariably 
visible,  which  spaces  are  observable  with  the  uaked  eye.  The  iutertur 
of  these  spaced  consists  pertly  of  a  liquid,  and  partly  of  colloid  maft$e.s." 

These  same  hollow  spaces  aeem  also  to  have  been  observed  by 
Liltre,  from  whom  Swedenborg  quotes  the  statement  that  '*  the  body 
of  the  gland  is  found  bathed  in  a  tbtn  and  palish  blood  "  (no.  5S7). 

The  liquid  observed  by  Liltre,  and  more  receutly  by  W.  iliiller, 
ia  the  grosser  serum — the  fluid  of  the  Odrd  order — wbich,  according 
to  Swedenborg,  is  conveyed  through  the  interstices  under  the  pia 
mater  of  the  processus  infundibuli  and  the  posterior  surface  of  the 
pituitary  gland  into  the  posterior  receptacle,  between  the  gland  and 
the  posterior  wall  of  the  sella. 

That  the  integument  of  the  gland  which  consists  of  pia  mater  ia 
continued  also  into  the  infundibulum  and  its  process  is  proved  from 
the  dissection  of  Sapolini,  who  succeeded  "in  detaching  the  duru  [1j 
and  pia  maters  from  the  infundibulum  and  its  process."  It  is  also 
proved  by  tho  following  experiment  of  the  Brother*  Wentel ' :  "  Within 
that  circle — namely,  tho  little  circle  described  by  the  dura  mater 
around  the  infundibulum  near  its  inaertion  in  the  giuud — the  process 
of  the  infundibulum  ia  enclosed  by  a  oertaia  thin,  although  dense. 
reddish  membrane,  which  is  a  continuation  of  the  exterual  integument 
of  the  infundibulum,  and  thiiR  of  the  pia  mater  of  tho  cerebrum.  For 
in  a  boy  one  year  old  we  tried  to  pull  one  half  of  the  membrane 
around  and  abuve  the  infundibulum,  and  we  succeeded  so  well  that 
afterwards  the  infundibulum  was  left  quite  slender" 

That  the  posterior  wall  of  the  processus  infundibuli  dtffera  from 
the  remaining  walls,  and  that  iu  structure  affords  a  passage  to  « 
grosser  serum,  seems  proved  by  the  following  observation  of  W. 
Miiller*:  "Numerous  tinely-stretcbed  vessels  extend  along  the  pos- 
terior wall  of  the  processus  infundibuli,  imparting  to  it  an  appearance 
different  from  that  of  the  remaining  walls." 

27.  From  modern  sources  we  have  thus  far  proved  the  existence  of 
a  regular  channel  of  communication  between  the  upper  part  of  the 
processus  infundibuli  and  the  puaterior  part  of  the  posterior  lobe  of 
the  gland.  We  have  further  proved  the  existence  of  a  kind  of  store- 
room for  Haid  liquid  ;  namely,  **  a  system  of  meshea/'  a  kind  of  spongy 
sDbstance,  intervening  between   the  posterior  lobe  proper  uid  ita 

»  **0p.  citat./'p.  210. 
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thickened  integiixnent,  The  question  now  arises,  how  is  said  liqnid 
ditjcbarged  from  the  gland  \ 

Both  in  his  first  and  in  his  second  work  on  the  brain,  Swedenborg 
h  emphatic  in  bi3  declaration  that  said  liquid  is  excreted  in  the 
posterior  part  of  the  aeUa.  He  describes  this  jilaoe  as  a  kind  of 
"poGterior  receptacle,"  and  as  a  "  complement  of  the  two  caTernous 
flinoses ; "  and  be  declares  that  the  particular  place  where  said  serum 
is  excreted  is  in  the  lower  part  of  the  posterior  lobe,  where  it  is 
widest — and  thus  below  the  place  where  the  Brothers  Wenxel  effected 
an  opening  in  the  bone  of  the  sella,  and  whence  they  injected  success- 
fuJly  the  .infundibulum.  His  statement  is  as  follows:  "About  its 
posterior  and  wide  part,  the  gland  is  so  far  distant  from  the  wall  of 
the  Bella  that  a  probe  may  be  introduced  there^  and  that  tbia  inter- 
Btitiul  space  may  be  filled  with  a  little  volume  of  liquid ;  neverthe- 
less, in  the  middle  of  the  posterior  lobe  the  gland  is  attached  to  the 
lobe,  exactly  there  where  the  fulcrum  is,  by  which,  as  well  aa  by  its 
adhesion  to  the  ceiling,  the  gland  is  held  suspended  "  (no.  634r). 

The  receptacle  in  question,  therefore,  according  to  Swedenborg,  is 
in  the  lower  posterior  part  of  tho  gland. 

The  existence  of  this  receptacle  is  distinctly  admitted  by  Biawhr^ 
who  says,  "  The  cavernous  sinuses  communicate  with  one  another 
between  the  anterior  face  of  the  posterior  clinoid  processes  of  the 
sella,  and  the  production  of  the  dura  mater,  and  indeed  for  the 
purpose  that  these  sinoaes  may  communicate  there  to  one  another  the 
humours  which  they  receive  from  the  gland  and  blood-vessels  "  (see 
above,  no.  588).  Monja^ni  suppr)rts  Bianchi'a  statement,  and  says., 
**  The  anterior  face  of  the  posterior  wall  of  the  sella  is  closely  con- 
nected with  the  gland ;  the  result  of  which  cohesion  is,  that  although 
between  the  posterior  base  of  the  gland  and  the  lowest  part  of  the 
sella,  and  between  the  part  of  the  wall  mentioned  above,  there  is 
some  space  left  by  which  the  cavernous  sinuses  communicate  with  one 
another  ;  still  that  communication  does  not  by  any  means  exist  there 
where  you  ascend  a  little  from  the  base  to  the  back  of  the  solli" 
(see  above,  no.  589).  Again  he  says,  **Ortlot^  knew  tliat  posterior 
cavity  and  gave  a  drawing  of  it,  and  he  said  that  this  was  a  '  cotn- 
munication  between  the  sinuses  which  are  adjacent  to  the  sella 
turcica,  and  which  is  situated  near  the  posterior  process  of  the  sella.' 
He  further  says  that  'this  production  may  not  iroprojterly  be  called 
the  transverse  or  conciliatory  sinus  * "  (see  above,  uo,  607). 

)  Ortlob  (J.  Fried.).  ^' Hi»torift  partium  *t  occoDormin  homlaia  seouadam 
natnram."    Leiprig,  1607»  4to.    DisKriaUo  20. 
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LiUrtj  like  Ortlob,  described  that  posterior  receptacle  as  a  sinua, 
and  ha  declared  that  it  comniuuicated  with  the  inferior  trausverse 
sinus  which  is  situated  uuder  the  gluud,  and  which  has  been  described 
above  in  no.  21.  He  says,  "Through  several  holes  or  forominfl,  tliiit 
sinus — the  inferior  traTiaverse  or  intercavernous  sinua — communicates 
with  another  sinus — the  posterior  receptacle — which  is  situated  near 
the  clinoid  process  "  (see  above,  no.  537).  Haller  alito  apeaks  of  two 
transverse  sinuses  in  the  sella  equina,  of  which  one  is  under  the  gland 
and  the  other  behind  it  (see  above,  no.  21). 

Knoti  ^  the  most  recent  investigator  of  the  cerebral  sinuses,  after 
comrnanicating  the  result  of  his  investigations  respecting  the  inferior 
transverse  siima,  one  of  the  "sinus  intercavemosi,'*  says,  **  A  sijigle 
vein  forma  the  miu  tnituvertuM  selice  equina  deacribad  by  Haller." 
r>utwhat  Haller  described,  in  addition  to  the  inferior  transverife  sinus, 
is  tlie  posterior  transverse  sinus  mentioned  by  Ortlob  and  Litlre. 

Knott,  it  seems,  looks  upon  Swedenborg's  "  posterior  receptacle " 
rather  in  the  light  of  a  vein  than  of  a  sinus.  But  whether  it  be  a 
vein  or  a  sinus,  he  confirmi  the  existence  in  the  posterior  base  ol  a 
larger  vessel  which  communicates  with  the  cavernooa  sinuses. 

G.  The  FuNCTio:fs  of  the  S/yusss  departing  from  the 
Sella  Turcica. 


28.  Swedeuborg  makes  a  distinction  between  the  sinuses  in  the 
t»»p  of  tlio  cranium  which  collect  in  the  torcular  Herophili — ^the  con- 
fluent of  the  sinuses  in  the  occipital  bone — and  are  derived  thence 
into  the  lateral  sinuses;  and  between  those  in  the  base  of  the  cranium 
which  concentre  in  the  sella  turcica,  and  are  dispatched  thonos  into 
the  lateral  aiuu.ses  and  the  internal  jugular  reins. 

The  blood  in  the  former  sinuses,  especially  in  the  longitudinal,  he 
describes  as  "gross,  thick,  sluggish  and  pituitous;  because  the  grey 
substance,  which  in  great  abundance  constitutes  the  circumference  of 
the  brain,  drains  off  the  spirit  and  the  better  life  of  the  blood,  and 
commits  it  to  the  fibres"  (i.,  no.  331).  While  the  blood,  which  is 
conveyed  from  the  pituitary  gland  and  its  vicinity  into  the  lateral 
sinuses  and  the  jugular  veins  through  the  superior  and  inferior  {pet- 
rosal sinuses,  is  "a  mast  refined  virgin  blood,  but  newly  wedded  to  an 
abundant  supply  of  spirits,  which  have  been  distilled  in  the  large 
laboratory  of  the  brain"  {(hid,),  * 

From  this  it  follows  that  the  exhausted  and  effete  blood  of  the 
>  "Op.  ciut,"p.  195. 
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brain  Is  attracted  towards  the  two  longitudinal,  and  the  straight 
sinnses ;  while  the  blood  which  is  more  or  less  enriched  with  spirit 
tends  towards  those  sinuses  which  depart  from  the  sella  turcica.  On 
this  account  a  groat  proportion  of  the  venous  blood  of  the  dura  mater 
also  ia  despatched  towards  the  latter  sinuses ;  for,  as  is  shown  in  Note 
yii,,  no.  53,  *Hhe  interior  lamina  of  the  dura  mater  is  a  vehicle  fur  the 
lymph  impregnated  with  ajiirit — the  ccrcbro-spinal  liquid — which  is 
set  free  when  the  nerves  are  distributed  over  the  muscles  and  periostea 
[in  the  body]."  Concerning  the  manner  in  which  the  superfluous 
nervous  juice — the  corebro-spiual  liquid — wliich  is  dispatched  from 
the  brain  in  the  interstices  between  the  fascicles  and  fibres  of  the 
departing  nerves,  returns  from  the  body,  and  is  collected  in  the  dura 
mater  of  the  spinal  cord,  and  pumped  thenco  into  the  dura  mater  of 
the  head,  see  Note  vii.,  no.  48.  This  nervous  juice  in  the  dura  mater 
is  absorbed  in  part  by  the  meningeal  veins,  and  is  conveyed  thence  to 
fiome  extent  into  the  sinuses  which  carry  the  blood  from  the  sella 
turcica  into  the  lateral  sinuses  and  into  the  jugular  veia  The  purely 
venous  blood,  on  the  other  hand,  which  ia  more  or  less  deprived  of  its 
spirit  and  which  finds  its  vmy  into  the  veins  and  sinuses  leading  into 
the  cavernous  sinuses  out  of  [farts  of  the  brain  and  out  of  extenor 
portions  of  the  head — this  venous  blood,  according  to  Swedenborg,  is 
not  carried  into  the  lateral  sinuses  and  the  jugular  foramina  through 
the  petrosal  sinuses,  but  leaves  the  cranium  through  other  channeb 
and  fommina.  He  bays  on  tliia  subject,  *'If  the  veins  in  question — 
those  which,  according  to  Ridley^  direct  their  course  towards  the  sides 
uf  the  sella  turcica — did  receive  any  spirituous  essence  from  the  brain, 
they,  like  the  remaining  ducts,  would  convey  it  either  into  the  sinuses  at 
the  base  of  the  cmnium,  or  into  the  jugular  veins.  Wherefore,  suppose 
they  carry  their  blood  outside  the  cranium,  through  other  foramina, 
there  is  ground  to  conjecture  that  they  imbibe  a  different  blood  from 
the  bone ;  namely,  such  a  blood  as  the  external  carotids,  for  the  pur- 
pose of  nutrition,  dispatch  thither,  as  well  as  into  the  spacious  mucous 
membrane  of  the  cavities  [in  the  sphenoid  bone]  "  (no.  625^*). 

Nevertheless,  the  same  venous  blood,  it  would  seem,  famishes  also 
some  necessary  ingredients  for  fixing  the  highly  spirituous  lymph 
which  is  distilled  from  the  pituitary  gland,  or  else  this  venous  blood 
would  not  be  conveyed  into  the  lateral  sinuses  which  receive  this 
lymph  in  the  first  pkce. 

29.  Another  principle  which  governs  the  conveyance  of  blood  en> 
riched  with  spirit  from  the  sella  turcica  to  the  lateral  sinuses  and  the 
internal  jugular  veins,  is  this  :  The  blood,  which  is  most  highly  refined 
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and  charged  with  animal  spirit,  enters  the  lateral  sinuses  at  the 
greatest  distance  from  the  jugular  foramina ;  while  the  bluod  which  is 
leas  rich  in  spirit  ia  discharged  into  the  jugular  veins  in  these  very 
foramina,  or  immediately  below  the  cranium;  and  that  which  is  still 
more  destitute  of  spirit,  that  is,  ordinary  renous  blood,  enters  these 
VGSfielfl  at  a  considerable  distance  from  the  cranium ;  while  the  lymph 
of  the  body  and  the  fresh  chyle,  which  purvey  to  the  blood  the  natural 
or  corporeal  elements  which  are  required  for  the  formation  of  the  red 
blood,  enter  the  jugular  vein  at  its  junction  with  the  subclavian  vein, 
not  far  from  the  heart  Swedenborg's  own  language  on  this  subject 
is  as  follows:  "The  spirituous  lymphs — the  fluids  of  the  firii  and 
second  order — are  emptied  into  the  very  troughs  of  the  lateral  ainnaea, 
so  as  to  reanimate  the  whole  mass  of  blood.  .  .  .  Presently  there  ia 
introduced  through  the  inferior  i>ctrosal  sinuses  a  liquid  which  ia  less 
spirituous,  and  which  is  discharged  immediately  into  the  jugular 
foramina,  so  that  in  these  bony  narrows  nothing  of  the  blood  pre- 
▼iously  reanimated  in  the  troughs  of  the  lateral  sinuses  is  able  to 
descend  into  the  body,  without  receiving  a  share  of  the  liquid  out  of 
the  inferior  ])etrosal  sinuses.  At  lost  the  blood,  which  has  been  pro- 
pared  in  this  manner  and  made  li'.juid,  can  become  embodied,  as  it 
were,  or  furnish  itself  with  a  body  through  the  chyle.  For  unless 
the  chyle  were  infused  into  a  blood  previously  vivified,  there  would 
result  from  that  mixture  a  kind  of  sluggish  viscosity.  Wherefore,  the 
grosser  ingredients  succeed  in  due  order,  so  that  the  act  of  commingling 
may  be  successfully  accomplished"  (no.  626k), 

A  similar  principle  seems  to  prevail  in  the  introtiuctiou  of  blood 
into  the  superior  petrosal  sinuses,  through  which  the  most  spirituous 
lymph  of  the  brain  is  conveyed  to  the  lateral  sinuses.  These  same 
sinuses  receive  their  most  spirituous  blood  in  the  immediate  neighbour- 
hood of  the  pituitary  gland ;  while  a  grosser  blood  is  conununicated 
to  them  on  the  way,  and  the  grossest  blood  is  introduced  into  them 
just  before  their  inosculation  in  the  internal  jugular  vain. 

In  the  light  of  these  principles  we  shall  now  examine  in  detail  those 
sinuses  to  which  is  assigned  the  function  of  carrying  into  the  lateral 
sinuses  and  the  jugular  veins  the  various  species  of  blood  which  are 
excreted  by  the  pituitary  gland,  and  which  ore  also  received  from 
sundry  other  sources  by  the  Biaosea  in  the  vicinity  of  the  sella  turcica. 
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brain  is  attracted  towards  the  two  longitudinal,  and  the  straight 
sinuses ;  while  tlie  blood  which  is  more  or  less  euricbod  with  spirit 
tends  towards  those  sinuses  which  depart  from  the  sella  turcica.  On 
this  account  a  great  proportion  of  the  yenous  blood  of  the  dura  mater 
also  is  despatched  towards  the  latter  sinuses ;  for,  as  is  shown  in  Note 
vii.,  no.  53,  *'  the  interior  lamina  of  the  dura  mater  is  a  vehicle  for  the 
lymph  impregnated  with  spirit — the  cerebro-spinal  liquid — which  is 
set  free  when  the  nerves  are  distributed  over  the  muscles  and  periostea 
[in  the  body]."  Concerning  the  manner  in  which  the  superfluooB 
nervous  juice — the  cerebro-spiual  liquid — which  is  dispatched  from 
the  brain  in  the  interstices  between  the  fascicles  and  fibres  of  the 
departing  nerves,  returns  frum  the  body,  and  is  collected  in  the  dura 
mater  of  the  spinal  cord,  and  pumi>ed  thence  into  the  dura  mater  of 
the  head,  see  Note  vii.,  no.  48.  This  nervous  juice  in  the  dura  mater 
is  absorbed  in  part  by  the  meningeal  veins,  and  is  conveyed  thence  to 
some  extent  into  the  sinused  which  carry  the  blood  from  the  sella 
turcica  into  the  lateral  sinuses  and  into  tlie  jugular  vein.  The  purely 
venous  blood,  on  the  otlicr  band,  which  is  more  or  less  deprived  of  its 
spirit  and  which  finds  its  way  Into  the  veins  aud  sinuses  leading  into 
the  cavernous  sinuses  out  of  parts  of  the  brain  and  out  of  exterior 
portions  of  the  head — this  venous  blood,  according  to  Swedenborg,  is 
not  carried  into  the  lateral  sinuses  and  the  jugular  foramina  through 
the  petrosal  sinuses,  but  leaves  the  cranium  through  other  channels 
and  foramina.  He  says  on  this  subject,  *'  If  the  veins  in  question — 
those  which,  according  to  Ridley,  direct  their  course  towards  the  sides 
of  the  sella  turcica — did  receive  any  spirituous  essence  from  the  brain^ 
they,  like  the  remaining  ducts,  would  convey  it  either  into  the  sinuses  at 
the  base  of  the  cruniiun,  or  into  the  juguhir  veins.  ^Vherefo^e,  suppose 
they  carry  their  blood  outside  the  cranium,  through  other  foramina, 
there  is  ground  to  conjecture  that  they  imbibe  a  diifercnt  blood  from 
the  bone ;  namely,  such  a  blood  as  the  external  carotids,  for  the  pur- 
pose of  nutrition,  dispatch  thither,  as  well  as  into  tho  spacious  mucous 
membrane  of  the  cavities  [in  the  sphenoid  bone]  "  (no.  625». 

Nevertheless,  the  same  venous  blood,  it  would  seem,  furnishes  also 
some  necessary  ingredients  for  fixing  the  highly  spirituous  lymph 
which  is  distilled  from  the  pituitary  ghmd,  or  else  this  venoos  blood 
would  not  be  conveyed  into  the  lateral  sinuses  which  receive  this 
lymph  in  the  first  placa 

29.  Another  principle  which  governs  the  conveyance  of  blood  en- 
riched with  spirit  from  the  sella  turcica  to  the  lateral  sinuses  and  the 
internal  jugular  veins,  is  this  :  The  blood,  which  is  most  highly  refined 
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and  charged  with  auimal  spirit,  enters  the  lateral  siouaes  at  the 
greatest  distauce  from  the  jagular  foramina ;  while  the  blood  which  is 
less  rich  in  spirit  is  discharged  into  the  jagular  veins  in  these  very 
foramina,  or  immediately  below  the  cranium  \  and  that  whicb  is  still 
more  destitute  of  spirit,  that  is,  ordinary  venous  blood,  enters  these 
ve3sels  at  a  considerable  distance  from  the  cranium ;  while  the  lymph 
uf  the  body  and  the  fresh  cbyle^  which  purvey  to  the  blood  the  iiutuml 
or  corporeal  elements  which  are  required  for  the  formation  of  the  red 
blood,  enter  the  jugular  vein  at  its  junction  with  the  subclavian  vein, 
not  far  from  the  hoart  Swedenborg's  own  language  on  this  subject 
is  aa  follows:  •*The  spirituous  lymphs— the  fluids  of  the  fir&t  and 
uetmd  order — are  emptied  into  the  very  troughs  of  the  lateral  sinuses, 
so  aa  to  reanimate  the  whole  mass  of  blood.  .  .  .  Presently  there  is 
introduced  through  the  inferior  i)etro8al  sinuses  a  liquid  which  is  less 
spirituous,  and  which  is  discharged  immediately  into  the  jnguhu- 
foramina,  so  that  in  these  bony  narrows  nothing  of  the  blwHl  pre- 
vionsly  reanimated  in  the  troughs  of  the  lateral  sinuses  is  able  to 
descend  into  the  body,  without  receiving  a  share  of  the  liquid  out  of 
the  inferior  petrosal  sinuses.  At  last  the  blood,  which  has  been  pre- 
pared in  this  manner  and  made  liquid,  can  become  embodied,  as  it 
were,  or  furnish  itself  with  a  body  through  the  chyle.  Far  unless 
the  chyle  were  infused  into  a  blood  previously  vivifietl,  there  would 
result  from  that  mixture  a  kind  of  sluggish  viscosity.  Wherefore,  the 
groeser  ingredients  succeed  in  due  order,  so  that  the  act  of  commingling 
may  bo  successfully  accomplished"  (no.  625i;). 

A  similar  principle  seems  to  prevail  in  the  introduction  of  blood 
into  the  superior  petrosal  sinuses,  through  which  the  most  spirituous 
lymph  of  the  brain  is  conveyed  to  the  lateral  sinuses.  These  same 
sinuses  receive  their  most  spirituous  blood  in  the  immediate  neighbour- 
hood of  the  pituitary  gland ;  while  a  grosser  blood  is  communicated 
to  them  on  the  way,  and  the  grossest  blood  is  introduced  into  them 
just  before  their  inosculation  in  the  internal  jugular  vein. 

In  the  light  of  these  principles  we  shall  now  examine  in  detail  those 
sinuses  to  which  is  assigned  the  function  of  carrying  into  the  lateral 
sinuses  and  the  jugular  veins  the  various  species  of  blood  which  are 
excreted  by  the  pituitary  gland,  and  which  are  also  received  from 
sundry  other  sources  by  the  aiuuses  io  the  vicinity  of  the  sella  turcica. 
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I.  The  Superior  Petrosal  Sinuses. 

30.  Concerning  these  Binusea  Swedenborg  says,  "The  superior 
petrosal  sinuses  rccoiva  from  the  circular  sinus,  and  also  through  veins 
immediately  from  the  gland,  that  first  and  purest  essence  which  t^e 
gland  expresses,  and  they  cunvey  the  same  to  the  receptacles  of  the 
lateral  siniiacft  nnd  the  jngnlar  veins.  These  sinuses  have  their  highest 
heuds  and  lips  close  to  the  circular  sinus ;  for  near  the  carotids  they 
curve  themselves  in  the  shape  of  the  letter  «*,and  thence  they  incline  them- 
selves, aud  cast  themselves  towards  the  above-named  [jugular]  veins. 
They  are  comi*aratively  long  and  slender,  and  their  tube-like  bodies  are 
completely  adapted  to  the  swiftness,  and  the  quick  flashes  of  that  fluid. 
Their  colour  also  indicates  the  extreme  liquidity  uf  their  blood.  .  .  . 
These  same  sintisea  also  seem  to  admit  in  addition  the  8uid  of  the  teccmd 
order,  which  passes  through  the  bones  of  the  skull ;  namely,  that 
portion  of  the  same  which  is  not  poured  immediately  into  the  jugular 
veins  "  (no.  623).  Again  he  says,  •'  The  sui>€rior  |)etro8al  sinus  applies 
itself  to  the  same  summit,  where  the  superior  circular  sinus  chiefly 
shows  itself;  namely,  underneath  that  angle,  which,  according  to 
Bianchi,  arises  from  a  meeting  of  the  productions  of  the  dura  mater. 
This  same  petrosal  sinus  also,  by  a  slender  trough,  and  through  an 
exceedingly  small  orifice  which  Bometimes  is  blind,  terminates  con- 
stantly in  the  enlargement  of  the  lateral  sinuses"  (no.  602<.*). 

31.  In  a  general  sense  the  origin  of  the  suj)erior  petrosal  sinuses  is 
in  the  cavernous  sinuses,  as  is  also  admitted  by  Swedenborg  in  no.  3lfi, 
where  he  says,  *'  These  sinuses  derive  their  blood  from  the  cavernous 
sinuses,  and  at  the  same  time  by  an  insertion  into  Lhem  of  many  veins 
from  the  inferior  or  anterior  part  of  the  brain." 

In  a  stricter  sense,  however,  these  sinuses  are  derived  from  the 
circular  sinus,  as  is  stated  by  Swedenl>org  in  those  passages  which  we 
have  just  quoted  in  no.  30  ;  or  at  least  they  ore  derived  from  those 
parts  of  the  eavemons  sinuses  \rhich  are  supplied  chiefly,  if  tiot 
altogether,  by  the  circular  sinus. 

Such  also  is  the  opinion  expressed  by  IhtUei''^  who  says,  "Tho 
anterior  end  of  the  superior  petrosal  sinufl  is  constantly  in  the  cavomoas 
eiiios,  near  the  interior  side  of  the  fifth  pair  of  cerves,  aud  ntux  the 
anterior  side  of  the  posterior  clinuid  process;  v>hich  part  may  aim  he 
aacrihfd  (o  the  circular  tinUM," 

Eidley  is  even  more  de&iite  in  his  language ;  he  says,  "  The  su]>eiior 

petroial  siotues  which  are  longer  and  narrower,  according  to  YiemiBerrti 

>  "Op.  dut.,"p.  162. 
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arise  from  the  cavernoos  sintises,  though  more  truly  from  the  circular 
fiinuH,  nmning  down  from  thence  upon  the  internal  process  of  the 
temporal  bone,  and  terminating  in  the  lateral  ainusea"  (boa  Vol.  i.,  nu. 
317). 

Sapo^inij^  however*  gives  it  as  the  result  of  hia  observation  that 
"the  circular,  cavernous,  and  anterior  occipital  sinuses  dlschar{j;t} 
the  whole  of  their  cimtetits  into  the  superior  petrosal  sinuses,  which 
empty  their  blood  into  the  lateral  sinuses."  And  the  modus  operandi 
by  which  this  is  done  he  states  as  follows :  "  In  the  circular,  and 
especially  in  the  cavernous  sinus  there  appear  an  infinite  number  of 
little  trabeculse.  They  are  a  kind  of  little  valves  which  spring  from 
the  internal  wall  of  the  sinus.  Their  ends  are  free,  and  they  ought 
to  float  in  the  midst  of  the  blood,  without  obstructing  in  the  least  the 
current  of  the  sanguineous  stream ;  but  for  all  that  they  modify 
essentially  its  direction.  In  fact,  these  kinds  of  flood-gates,  placed 
in  all  possible  directions,  oomi^l  the  sanguineous  wave  to  turn 
aside,  and  to  deviate  from  the  straight  line."  In  this  way,  Sapolini 
holds,  the  bulk  of  the  blood  coming  from  the  circular  and  anterior 
occipital  sinuses  is  directed  into  the  superior  petrosal  sinuses. 

Ordinarily,  however,  the  origin  of  the  sujierior  petrosal  sinuses  is 
pbced  in  the  text-book  simply  in  the  cavernous  sinuaea. 

There  are  several  reasons  why  the  circular  sinus  should  not  empty 
its  contents  exclusively  into  the  superior  petrosal  sinuses :  Firnij  the 
circular  sinus,  as  shown  above  in  na  16,  i.H  the  recipient  of  the  animal 
spirit  secreted  in  the  processus  infondlbuli  and  the  posterior  lobe  of 
the  pituitary  gland.  That  spirit,  as  we  have  seen  above  in  no.  20,  is 
directly  for  the  purpose  of  reviving  and  thus  animating  the  sluggish 
venous  blood  of  the  brain»  which  collects  in  the  receptacles  of  the 
lateral  sinuses ;  whether  it  reach  those  receptacles  from  the  torcular 
Herophili — the  confluent  of  the  sinuses  in  the  occipital  bono — or 
whether  it  be  dispatched  thither  from  some  of  those  sinuses  or  veins 
which  are  connected  with  the  cavernous  sinnaea.  If,  therefore,  for  any 
reason,  the  venous  blood  in  the  latter  sinuses  should  bo  too  alugguh, 
and  thus  too  much  exhauated  of  spirit  to  be  able  to  pursue  its  course, 
some  of  the  spirituous  lymph  of  the  circular  sinus,  oa  indicated  above 
In  no.  20,  Would  be  at  once  diverted  into  the  cavernous  sinuses^ 
Otherwise  this  sinus  dispatches  the  whole  of  its  supply  of  lymph 
directly  into  the  lateral  ainusea  through  the  superior  petrosal  ainuaes. 
Seeondiy,  in  case  the  animal  spirits  are  imperfectly  fixed  or  wedded  to 
blood  in  the  circular  sinus ;  or  in  case  the  blood  attracted  into  the 
>  "Op.  citat. 'p.  21a 
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circular  sinus  does  not  possess  all  the  elements  for  properly  fixing  th« 
animal  spirit  of  the  gkud,  the  necessury  ingredients  are  supplied  to 
the  superior  petrosal  sinuses  from  the  blood  in  the  cavernous  sinuses, 
which  is  necessarily  various,  since  it  is  derived  from  so  many  different 
aources. 

This  then,  it  would  seem,  is  the  reason  why  the  circular  sinus  is 
not  inosculated  exclusively  in  the  superior  petrosal  sinuses,  but 
empties  partly  into  the  latter  sinuses,  and  partly  into  the  cavernous 
sinuses  ;  and  again,  why  the  superior  petranal  sinus  is  not  the  recipient 
exclusively  of  the  lymph  of  the  circular  sinus,  but,  if  necessary,  admits 
blood  also  from  tlie  cavernous  sinuses. 

32.  As  we  have  thus  far  seen,  according  to  Swedenborg,  there  is 
transmitted  into  the  superior  petrosal  sinus,  through  the  circular  sinos, 
the  spirituous  lymph  surcharged  with  animal  spirit — the  fluid  of  the 
firti  order— which,  in  accordance  with  Prof.  Leydig'a  observations,  as 
sliown  above  in  no.  22,  is  perhaps  increased  by  antiquated  blood  which, 
in  the  anterior  lobe  uf  the  pituitary  gland,  is  converted  into  clear, 
lymphatic  blood.  But  in  nu.  603,  Swedenborg  states  further  that 
*'  the  superior  petrosal  sinuses  item  also  to  admit  in  addition  the  '  Haid 
of  the  second  order^'  which  passes  through  the  bones  of  the  skull ; 
namely,  that  portion  of  the  same  which  la  not  poured  immediately  ijito 
the  jugular  veins." 

The  only  channel  through  which  the  superior  petrosal  sinuses  can 
possibly  receive  any  portion  of  the  fluid  of  the  ttennd  order,  "from  the 
interior  of  the  bones  of  the  skull,"  is  through  the  *'  anterior  occipital 
or  transverse  sinus,"  which  opens  into  the  cavernous  siuugoi  in  close 
proximity  to  the  mouths  of  the  above  sinuses.  For  the  superior 
[>etrosal  sinuses  do  not  themselves  receive  immediately  any  accessions 
from  the  interior  of  the  bone;  but  the  '* anterior  occipital  or  Iran*- 
verse  sinus,"  which  is  the  highest  transversa  vessol  of  tho  "plexna 
basilaris  "  of  Virchow,  doex  Besides,  according  to  SapoUni  (ayo  above, 
no,  31),  the  anterior  occipital  or  transverse  sinus  discharges  the  whole 
of  its  contents  into  the  superior  petrosal  sinosea.  According  to 
Vicq  iTAzyr^  also,  "this  same  sinus  communicAtes  with  tho  superior 
petrosal  sinuses  "  (see  above,  no.  62U-) ;  while  Sctpjfty  maintains  that 
this  same  atUtrior  occipital  w  transverse  sinus,  **  in  reuniting  tho  two 
su}>erior  petrosal  sinuses,  forms  with  them  a  large  ouo-'itomosis  extend- 
ing traasvereely  from  the  right  lateral  to  the  loft  lalerul  sLnua^  (mo 
alM)ve,  nu.  621/). 

There  seems  thus  to  exist  a  «ufliciont  anatomical  basis  on  which  to 
eatablish  Swedeuborg's  aasertioa  that  a  portion  of  th«  fiaid  of  the  stamU 
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order  "  is  received  by  the  suiierior  potrosol  sinuses  "  from  the  interior 
of  the  boneu  of  the  ekull." 

On  the  other  hand,  however,  such  a  comtuunication  betweeu  the 
"anterior  occipital  or  tranavorso  ainua."  and  the  superior  petrosal 
sinuses,  is  totally  ignored  by  Bell,  Tlieile,  Quain,  Knott  and  Langer, 
who  declare  that  the  sinua  in  question  communicates  only  with  the 
inferior  petrosal  sinuaes^  while  Haller  and  Cruvcilhier,  together  with 
Sappey,  teach  that  the  *' anterior  occipital  or  transverse  ftinua'*  serves 
08  a  uniting  medium  not  only  between  the  iuferior,  but  abo  between 
the  superior  petrosal  sinuses. 

If  Swedenborg,  while  writing  his  work  on  the  brain,  had  been 
acquainted  with  the  canal  of  Tabarrani — a  canal  on  the  exterior 
anrface  of  the  cranium  which  leads  from  the  cavernoiia  sinusea  to  the 
internal  jugular  vein,  and  which,  according  to  the  testimony  of  Dr. 
Englisch,  during  its  course  receives  small  tributary  branches  from  the 
interior  of  the  bones  of  the  cranium — he  would  proKibly  have  claimed 
for  this  cunul  the  chief  task  of  conveying  the  "  fluid  of  the  second 
order"  from  the  interior  of  the  sphenoid  and  occipital  bunos  intu  the 
internal  jugular  vein,  and  would  not  have  doemed  it  necessary  to 
impose  a  part  of  this  task  on  the  bU|>erior  petrosal  sinuses. 

Btill  there  cannot  be  any  doubt  at  all  that  the  superior  petrosal 
sinuses,  in  company  with  tlie  inferior  petrosal  atnuae.<%  do  derive  blood 
tinctured  with  spirituous  lymph  **  from  the  interior  of  the  bones  of 
the  skull;"  and  indeed  through  the  medium  of  the  "  basilar  plexus " 
of  Virchow,  For  both  the  superior,  and  the  inferior  petrosal  sinuses, 
bat  especially  the  latter,  communicate  with  this  ptexos  of  vessels 
which  derives  its  supply  of  blood  from  the  arteries  and  veins  in  the 
'*  Interior  of  the  bones  of  the  »kulK"  between  the  dorsum  sellse  and  the 
foramen  magnum  of  the  occipital  below.  (See  the  **  Plexus  basilaria  " 
below,  in  no.  37.) 

33.  llio  next  species  nf  venous  blood  which  is  introduced  into  the 
superior  ]>otrosal  sinuses  is  meningeal  blood,  which,  as  we  have  shown 
in  DO.  28,  is  more  impregnated  with  spirit  than  the  venous  blood 
dativod  from  the  substance  of  the  bmin.  It  enters  into  tho  superior 
petrosal  sinusea  thnmgh  the  medium  of  the  'jrtwt  atiastorfiotic  vein, 
which  has  first  been  minutely  described  by  Trolard.^  This  author 
says,  **  Towards  the  middle  of  the  superior  petrosal  sinus  tl*er« 
empties  into  it  a  vein  to  which  I  apply  the  uuuie  uf  the  tjrtat  ojiatiO' 

»  TroUrd  (P.). 
«t  de  I'Kncephale.' 
p.  263.) 


Rechorcbes  aar  I'Anfttomie  du  Systeme  veineax  dn  CrAne 
(Archives  Ov&^rales  de  M^deoioe,  Vol.  xv.,  Paris,  1670, 
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mo^  vein  (grande  veine  anostomotique).  This  vein  sometimes  takes 
its  rise  at  tbe  sides  of  the  superior  longitudinal  sincts ;  but  mo6t 
frequently  it  arises  from  a  junction  of  veins  which  anastomose  in  tbe 
middle  of  tbe  convexity  of  the  cerebral  hemispheres.  After  tlio  trunk 
of  this  vein  has  thus  been  formed,  it  directs  its  course  downwards 
from  behind  forwards.  It  passes  through  the  fissure  of  Sylvias, 
fastens  itself  to  the  sharp  edge  of  the  small  wing  of  the  sphenoid 
bone ;  and  being  imbedded  in  dura  mater,  it  crosses  the  spheno- 
temporal  fossa  in  order  to  enter  the  superior  petrosal  sinus.  During 
its  last  course,  as  is  very  evident,  it  i$  a  real  sinus,  and  iu  volume  is 
considerable.  While  traversing  the  apheno-temporal  fossa,  it  exhibits, 
on  its  lower  wall,  or  on  its  lateral  walls,  one  or  two  small  orifices, 
whereby  it  communicates  with  the  middle  meninffcai  veins,  orer  which 
it  passes.  .  .  .  Precisely  at  the  same  moment  when  it  leares  the 
fissure  of  Sylvius,  in  order  to  attach  itself  to  the  wing  uf  tho  sphenoid 
bone,  it  receivea  a  branch  which  comes  from  the  base  of  the  cerebrum, 
the  volume  and  length  of  which  are  variable.  ...  As  tliis  vein  is 
voluminous,  and  establishes  an  extensive  communication  between  the 
veins  of  the  base  and  those  of  the  roof  of  the  cranium,  I  propose  to 
call  it  the  ^reat  a?Mstomotic  vein" 

This  same  vein  had  been  previously  noticed  by  Holler  ^  who  ftays, 
"  This  sinus — the  superior  petrosal  sinus — also  derives  some  blood  from 
the  veins  of  the  dura  mater  which  make  their  approach  over  the 
higher  breadth  of  tbe  petrous  bone." 

34.  After  the  superior  |>etro8al  sinus  has  received — (1)  thn>ugh  the 
circuhir  sinus,  the  tluid  of  %)i<i  first  order,  that  is,  the  animal  spirit  vdih 
which  the  spirituous  lymph  of  the  gland  is  surcharged ;  (2)  throogh 
the  anterior  occipital  or  transverse  sinus,  some  of  the  fluid  of  the 
second  order,  that  is,  the  spirituous  lymph  of  the  gknd  by  itself ;  (3) 
through  the  great  anastomotic  vein  a  considerable  supply  of  meningeal 
blood — it  finally  receives  ordinary  venous  blood,  more  or  leas  exhausted 
of  spirit,  from  the  outer  portions  of  the  head^  as  wull  as  from  the 
interior  portions  of  the  cerebrum  and  cerebellum. 

Tlie  first  supply  of  this  venous  blood,  namely,  fmm  the  exterior  parts 
of  the  head,  which  supply  is  not  constant,  is  famished  lo  the  superior 
petrosal  sinus  through  the  sinus  aphtknlmo-petrosus,  described  by  Uyrtl.^ 
This  author  says,  **  The  sinus  cypfuha/mo-pclrosus  begins  In  the  fissnrv 
orbitalis  superior  from  the  sinus  Brescheti — the  sinus  spheno-parieUlia  ; 

»  "Op.  citat./*  iv.,  p.  152. 

■  Hyrtltl^f.).  '* DerSinosophthalmo-potroius,'* IB  "Wiener ffi«dlcliLUcb« 
\Vocheu»chrift»"  Vol  xii-,  Itf,  (502. 
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and  as  thU  latter  sinus  is  freqnontly  wanting  [?],  it  arises  from  the 
voiiis  whicli  run  along  the  outer  wall  of  the  orbit  towards  the  fiasura 
orbitalia  superior.  Its  posterior  extremity  may  be  threefold.  Fint: 
It  follows  the  direction  of  the  Vidiin  or  pterygoid  canal,  bend3  upwards 
qoiekly  in  the  neighbourhood  of  the  hiatus  Fallopii,  and  empties  into 
tAe  superior  pttrostU  sinv$.  Secondly:  It  follows  more  directly  the 
sutura  [Kitruso-aquamoaa,  and  empties  itself  either  at  the  junction  of 
the  petrosal  sinus  with  the  transverse  sinus,  or  it  opens  altogether  into 
the  latter  sinus.  Thirdly:  The  sinus  in  question  seems  to  have  a 
blind  ending  near  the  anterior  surface  nf  the  petrous  bone;  but  on 
opening  what  appears  to  be  a  ccecum,  from  two  to  four  openings  are 
noticed  at  the  lower  wall  of  the  sinus,  through  which  it  communicates 
with  the  venous  plexuses  which  accompany  the  Art.  meningea  media, 
and  also  with  those  of  the  ganglion  GasseriL  In  the  two  former 
caaes  the  sinus  supplies  blood  from  the  eye  to  the  superior  petrosal 
sinus ;  and  in  the  latter  casOf  to  the  venous  plexuses  between  the 
sphenoid  bi>ue  and  the  apex  of  the  petrous  bone,  which  discharge  most 
of  their  contents  through  the  foramen  ovale.  A  furamen  of  vurioua 
size,  which  not  unfrequently  occurs  between  the  foramen  ovale  and  the 
foramen  rotunduni,  accommodates  an  emissary  of  the  above  sinus." 
Prof.  Thtiile,*  in  hia  review  of  llyrtl'a  article,  writes,  "The  observations 
of  the  author  seem  to  show,  beaides,  that  the  above  sinus  as  to  sise  is 
influenced  by  the  ophthalmic  vein ;  for  in  proportion  to  the  decrease 
in  the  size  of  the  ophthalmic  vein,  the  sinus  enlarges  in  size.  The 
author  also  is  of  opinion  that  the  relation  which  the  above  sinus  occu- 
piea  in  respect  to  the  superior  petrosal  sinus  explains  at  the  same  time 
the  reaaou  why  the  latter  sinus  presents  so  many  remarkable  differences 
in  size." 

Knt^tt  ^  seems  to  have  noticed  this  sinus  ;  for  he  says,  **  I  have 
found  a  vessel  answering  to  this  description — namely,  a  communicating 
wi#  aUrrans  between  the  opthalmic  vein  in  front,  and  tlie  superior 
petrosal  sinus  behind — in  three  instances.  They  all  occurred  on  the 
left  aide."  Knott,  however,  it  seems,  made  a  mistake  in  identifying 
said  *'tiM  abtrrans**  witli  the  canalieulu*  s.  aquaduitus  cornmnnica- 
tionis  which  Frryu  ^  described  in  1856.  That  little  canal  is  situated 
iu  the  edge  of  the  border  between  the  mastoid  and  petrous  portions  of 
the  temporal  bime,  and  carries  a  very  fine  venoua  twig  from  the 

^  "Schmidt**  Jabrbttoher,"  etc.,  Jahrgang  1802,  Vol  cxvL ;  L«ipiig,  1S62, 
p.  27. 


Op.  citat.,*'p.  196. 
Vergi  in  **  Ann.  univon.  di  medicina,'*  186C,  p.  175, 
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middle  cranial  fossa  to  the  end  of  the  lateral  siuus ;  but  it  is  not 
connected  either  with  the  ophthalmic  vein,  or  the  saperior  petroaal 
fiinua. 

35.  The  grossest  and  most  effete  blood,  the  superior  petrosal  sinus 
receives  in  the  immediate  neighbourhood  of  the  lateral  sinuses  from  the 
medulla  oblongata  and  the  cerebellum,  as  well  as  from  the  cerebrum. 

Tlie  venous  supply  of  these  sinuses  from  the  cerebellum  Luschka ' 
describes  as  follows,  *'  The  inferior  cerebellar  veins  reach  the  lower 
surface  of  the  cerebellar  hemispheres  in  a  number  which  varies  in 
different  individuals.  After  arriving  there  they  direct  their  coune 
either  towards  the  anterior  lateral  margin  of  the  cerebellum,  in  order 
to  become  inosculated  iu  the  superior  petrosal  sinusca,  or  they  approach 
its  posterior  margin  in  order  to  empty  afterwards  into  the  lateral 
ainos." 

Concerning  the  cerebral  veins  which  terminate  in  the  superior 
petrosal  sinus,  the  same  author  says,  "Among  the  inferior  cerebrul 
veins,  those  which  are  derived  from  the  temporal  and  occipital  lobes 
of  the  cerebrum  enter  into  the  superior  petrosal  sinus,  as  well  as  into 
the  lateral  sinus." 

According  to  Nailer,^  the  latter  veins  empty  also  into  the  anterjnr 
occipital  or  transverse  sinus.  He  says,  "  The  inferior  veins  of  the 
cerebrum,  at  least  of  the  posterior  lobes,  empty  sometimes  into  the 
superior  petrosal  sinuses,  as  well  as  into  the  anterior  occipital,  or 
transverse  sinus."  Of  the  cerebellar  veins  he  says,  "  the  inferior  veins 
of  the  cerebellum,  however,  are  constantly  inserted  into  the  superior 
petrosal  sinus,  not  far  from  its  jxtstrrior  md — in  conjunction  with  the 
veins  of  the  medulla  oblongata  and  the  pons  Varolii,  which  arnvo 
between  the  medulla  oblongata  and  tbe  cerebellum/' 

36.  Swedenborg'ei  theory,  that  the  blood  richest  in  spirit  is  first 
introduced  into  tho  sinuses  of  the  base  of  the  cranium,  then  a 
blood  less  rich,  and  so  on,  until  it  finally  receives  a  bli>od  whicli 
is  almost  entirely  destitute  of  spirit,  is  thus  completely  borne  out 
by  the  facts  in  connection  with  the  superior  petrosal  sinuses. 

There  is  one  feature,  however,  to  be  borne  in  mind,  namely,  that 
the  function  of  tbe  superior  petrt>sal  sinuses  consists  in  carrying  a  most 
spirituous  blood  to  the  lateral  sinases,  and  not  simply  ordinary  venous 
blood.  Great  care»  therefore,  is  taken  in  preventing  these  uiiuAes 
from  being  flooded  by  an  excess  of  ordinary  venous  blood. 

1  Luichkt  OL  von).     '*  Die  Anatomie  der  Meoidien/'  Dd.  ill.,   Abth.  2, 
TdbiDgftn,  18«7  :  p.  247- 
I  U&Uer.     "KlemcQU  Physiologic,"  ir.,  p.  152. 
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For  the  attainment  of  this  object  the  Tarioos  large  veins  which 
u(>en  into  the  superior  petrosal  sinoses,  anastomose  frequently  with 
other  veins,  and  they  arc  all  connected  with  emissary  veina,  by  which 
they  are  able  to  Aend  abroad,  outaide  of  the  cranium,  any  amount  of 
vennu8  blood,  by  which  the  superior  petrosal  sinoses  are  threatened 
to  be  inundated. 

The  oiliber  of  the  circular  einus  which  conveys  the  richest  and 
swiftest  blood  to  tlie  superior  petrusal  sinusea,  according  to  Kraittr^^ 
is  H'",  and  that  of  each  of  the  superior  petrosal  tiinuiies  IJ'",  which, 
for  the  two  sinuses,  makes  2|-"'.  If,  therefore,  the  6ui>ply  received 
from  the  circular  sinus  is  equal  to  IJ",  or  IJ'",  the  sujicrior  petrosal 
sinuses  can  receive  from  other  sources  only  so  much  venous  blood  as 
equals  the  difference  between  1}'"  and  2|'" ;  consequently,  only  so 
much  as  can  be  accommodated  in  a  tube,  the  dimension  of  wbicli  is 

U"'. 

Hence  the  necessity  of  those  anastomoses  and  emissary  veins  with 
whicb  the  veins  terminating  in  the  superior  petrosal  sinuses  are  richly 
furnished. 

The  first  of  these  veins,  the  *' great  anastomotic  vein,'*  as  its  namo 
implies,  anastomoees  largely  with  other  veins  in  the  dura  mater,  even 
with  such  as  terminate  in  the  BUperior  lungitudinal  sinus.  While 
traversing  the  spheno-temporal  fi>s3A,  according  to  Trolard,  it  com- 
municates with  the  middle  meningeal  vein,  over  which  it  passes. 
That  vein  acts  as  its  emissary  vein  ;  for  it  terminates  in  the  internal 
maxillary  vein,  which  enters  into  the  formation  of  the  pterygoid 
plexus,  and  through  this  plexus  it  communicates  with  the  external 
jugular  vein,  and  also  with  the  internal  jugular  vein  at  a  cousiderablo 
distance  below  the  foramen  jugulare. 

llie   venous   vessel,   next    in   importance,    wliich   opens   into  the 

ipcrior  petrosal  sinus,  is  the  ginua  o^Muilmo-pftrt^mt  of  HyrtL  This 
'sinus  anastomoses  with  the  opbtlmlmic  vein ;  iu  fact,  the  size  of  this 
sinus  is  iuHuenced  by  the  size  of  the  ophthalmic  vein.  If  the  latter 
vein  bo  small,  the  sinus  is  largo ;  and  if  the  sinus  be  small,  the 
ophthalmic  vein  is  large.  At  other  times  this  sinus  is  connected  with 
the  superior  petrosal  sinus  and  with  the  anterior  occipital  or  trans- 
verse sinus  as  well,  so  that  it  is  able  to  dbchargo  its  contents  into 
either  of  these  sinuses.  And  then,  again,  the  above  sinus  communi- 
Cfttes  with  the  pterygoid  plexus  through  veins  which  pass  through  the 
foramen  ovale,     llyrtl  also  notices  a  special  emissary  in  connection 

^  KniuM  (WilK).  '*De  vnsis  sangolferis  in  caro  cranii.**  DissGrtatio 
inauguTftlia.     Ki«w,  1855 ;  p.  10. 
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wltli  the  sinu^  oplitlmlmo-petrosus,  concerning  which  he  says,  "A 
foramen  of  various  size,  which  not  unfrequently  occurs  between  the 
foramen  ovale  and  the  foramen  rotundutn,  accommodutes  au  emiasary 
of  the  above  stuus." 

The  inferior  cerebellar  vein,  which  opens  into  the  superior  i>etr(>3iil 
sinus  near  its  entrance  into  the  lateral  sinus,  according  to  Lufichku, 
communicates  also  with  the  lateral  sinus,  so  that,  when  necessary,  it 
may  pour  its  bluod  immediately  into  the  lateral  sinu.s,  without 
burdeniug  the  petrosal  sinus  at  all.  The  same  applies  to  the  inferior 
cerebral  vein,  which,  according  to  Haller,  communicates  besides  with 
the  anterior  uccipital  or  tmnsverse  sinus. 

On  tlie  basis  of  facts  recorded  by  Vieussens  and  Morgagni,  Sweden- 
borg  states  that  the  posterior  end  uf  the  above  sinuses  is  sometimcM 
impervious.  He  says,  *'  Where  these  sinuses  are  inosculated  io  the 
troughs  or  receptacles  of  Uie  lateral  sinuses,  the  foramen  through 
which  their  contents  pass  is  sometimes  iii]i>ervious,  like  thai  of  the 
process  of  the  infundibulum,  to  which  it  corres]}onds  in  point  v>f 
dimension,  and  through  which  a  similar  kind  of  fluid  is  instilled  sntu 
the  gland"  (no.  C23).  The  more  spirituous  ingredients  of  the 
blood  iu  this  cose  would  pass  through  the  impervious  end  of  the 
siuna,  even  as  they  pass  through  the  closed  end  of  the  infundibulum ; 
while  the  grosser  ptirtion  of  tbe  blood  would  be  discharged  through 
one  of  the  emissary  veins  specified  above. 


3.  TJte  Anttrifir  Occipital  or  Transverse  Sinus^  together  with  the 
Plexus  ffasil/tris. 

37.  The  anatomista  differ  widely  in  respect  to  the  character  and 
form  of  tlie  sinus  called  the  "anterior  occipital  or  transverse  sinus.'* 
Bonis  nuthora  speak  only  of  one  transverse  vessel  between  the  doreum 
■elite  and  the  magnum  foramen  of  the  occipital  bone.  Others  notice 
there  two  transverse  vessels.  Others,  ag-.iin,  have  diHcuvcred  there  an 
entire  plexus  of  vessels,  which,  accordiug  to  VircJtou\  "consist* 
usually  of  several  larger  vessels,  of  which  one  or  two  are  longitudinal* 
and  from  two  to  three  transversal,  between  which  there  ts  a  large 
uuniber  of  smjillcr  vesisels/'  Still,  all  agree  that  the  traiisverse  HX&air, 
or  the  plexus  of  vessels  of  which  it  consists,  derives  iU  bluud  mostly 
jrom  (he  interior  of  tht  bone. 

Some,  again,  declare  that  the  transverse  sinus  extends  aa  far  as  tlie 
Auperior  |ietrosal  sinuecs,  which  it  couneclaj  while  others  uuuntaiii 
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that  it  reaches  only  to  the  inferior  petrosal  sinuses^  and  connecU) 
tbuM. 

According  to  Vtrtj  (VAryr,^  *' IWLind  tli-:  pohtt^iior  lUnolJ  procewjes 
there  ia  a  furrow  which  ctmtaiuft  the  aiiiu.-*  cuIKm]  by  some  the  jJOAlfrior 
dinotd  sinus.  Six  or  eight  lines  further  down  is  the  biutilar  or  anUrij>r 
rn^ijAud  sinus.''*  He  Rays,  further,  '* The  extremities  of  the  posterior 
clinuid  sinus  open  into  the  cavernous  sinus."  And  again,  '*The  poi*- 
terior  clinoid  siuus  communicute^  on  tho  one  hand  with  the  superior 
petrosal  sinusea  ;  on  the  other  with  the  anterior  occipital  sinus." 

^</f^  recognises  only  one  IranKverso  ainus.  He  suya,  '*The  trans- 
verse or  ponirrior  cUnoid  sinus  runs  across  from  one  inferior  j»etra**dl 
tiinus  to  the  oilier,  behind  tho  posterior  clinoid  processes.  In  truth, 
the  superior  and  inferior  petrosal  sinuses,  the  eavenioua,  and  the  tranb- 
versB,  meet  nearly  at  a  point." 

Crawilhiirr^  says,  "The  anterior  or  transtrrse  ocdpitaf  sinus  is 
median  und  single ;  it  extends  transversely  serosa  the  basilar  groove 
from  the  foramen  hiccrum  posticum  of  one  aide  to  that  of  the  other ; 
it  is  of  an  irreguhir  form,  much  larger  in  the  aged  than  in  adult  and 
young  subjecta,  and  connects  the  superior  and  inferior  petrosal  sinuses 
and  Uio  cuvemuuH  sinus  of  one  side  with  the  eorroHponding  sinuses  of 
the  other  side.  In  old  sabjects,  the  basilar  surface  not  unfrequeiitly 
appears  as  if  corroded  opposite  this  sinus,  the  cavity  of  which  ofteu 
]ire8enta  a  cellular  and  spongy  appearance." 

Quain*  says  simply,  "The  anUrior  occijtiial  or  transwrse  sinus 
(sinoa  basilaris)  is  placed  at  the  forepart  of  the  basilar  process  of  the 
(MXiipitfU  bone,  ao  as  to  establish  a  transverse  eommunicatioD  between 
the  two  inferior  petrosal  sinuses." 

The  6rst  author  who  gave  a  comprehensive  view  of  the  whule  ex- 
tent of  the  .'Ulterior  occi|)ital  or  tran.sverso  sinus  is  I/aUer,^  lie  suya, 
'•  The  ftntrrior  ocdpifal  sinvsfs  which  follow  here  do  not  receive  any 
vein  fnnu  the  brain ;  but  they  are  received  in  a  like  manner  between 
the  lamina;  of  the  dura  mater.  In  the  first  place,  then,  tho  whole  <•( 
that  anterior  process  of  the  occipital  bone,  wliich  ia  conjoined  with 

'  Vtci)  d'Azyr.  "rimito  d'Anatomio  ct  de  Phyiiulogie."  Tom.  i.,  Pwis. 
1786,  Urge  folio  ;  p.  107. 

^  Hell  (^ir  Charles).  *'The  Anatomy  and  Fhyiiology  of  the  Rroin  ami 
Norves,  the  Organs  of  the  Senses,  and  the  Viscera,"  4th  edit.,  Vol.  U.,  ISlli;: 
p.  429. 

•  *'0p.  citat./' ii.,  p.  778. 

•  Quain'fl  "  Klemeata  o(  Anatomy,'  Sth  edit.,  l.onrlmi,  1S7(J :  Vol.  i.,  p   IS4. 

•  "Op.  clUt.."  W„  p.  157. 
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the  sella  torciea,  is  penetrated  by  venaaa  sinuRes  which  are  filled  with 
blood,  or  [in  injections]  with  wax  which  takes  the  place  of  bloi»d. 
The  transverse  sinus  [which  is  one  uf  Haller's  anterior  occipital 
einnscs],  is  almost  perpetual,  and  mostly  wide  and  important,  and 
cnujiiina  the  right  inferior  petrosal  sinus  with  the  left,  and  where  it 
joins  these  sinases  it  communicateH  with  the  cavernous  sinuses.  Often 
a  multiplex  sinus,  with  various  branches,  posses  through  the  dura 
mater  of  the  b:Lailar  process  of  the  occipital  bone,  and  is  inosculutod 
with  the  cavernous  sinuses  along  the  sixth  yjair  of  nerves.  Ag^in, 
in  tho  same  place  it  is  inonculated  with  the  inferior  petrosal  sinuses, 
exteriorly  in  the  neichbourhood  of  the  carotid.  Further,  that  same 
sinus  interiorly  of  the  carotid  communicates  with  the  posterior  semi- 
circle of  the  circular  sinus.  With  the  su{>erior  petrosal  sinus  it  is 
inosculated  in  various  ways,  and  finally  with  the  trunk  of  the  jugular 
vein." 

A  similar  presentation  of  the  interior  occipital  or  transverse  sinus 
is  given  by  7Vw(7c,  in  his  edition  of  Sommering's*  *' Angiology," 
He  says,  "On  the  base  of  the  occipital  bone,  near  the  dorsum  seilae, 
there  are  situated  transverse,  reticular  venous  spaces  which,  with 
the  exception  of  a  few  small  branches  from  the  pons  Varolii  and 
the  medulla  oblongata,  do  not  receive  any  blood  out  of  the  ports  uf 
the  brain,  but,  on  the  contrary,  out  of  the  substance  of  thr  honr.  They 
are  connected  on  each  aide  with  the  cavernous  sinuses  and  the 
inferior  petrosal  sinuses,  and  posteriorly  with  the  venous  plexuses  of 
the  vertebral  column." 

Sumo  of  these  quotations  on  the  subject  of  the  anterior  occipital  or 
transverse  sinus  wo  had  occasion  to  refer  to  before,  but  we  re[)eat 
thera  here  in  full,  in  order  to  exhibit  at  a  glance  the  diversity  which 
prevails  in  our  text- books  with  resi>ect  to  this  sinus.  The  most 
thorough  examination  of  this  sinus,  undoubtedly,  was  made  by 
Virchou\'^  and  the  results  of  his  investigation  are  contained  In  his 
paper  on  the  Basilar  Plexus,  which  I'a  extetuo  roads  as  follows : 
"  Most  anatomists  describe  in  this  part  of  the  base  of  the  skull — along 
the  clivus,  behind  the  jxwterior  clinoid  processes — only  an  annstomosis 
between  the  two  inferior  petrosal  sinuses ;  but  on  examining  this  part 
more  clo.se]y,  there  is  discovered,  on  tlie  sphenoidal  surface  of  the 
clivua,  rather  a  sinuous  wickerwork,  which  I  »»haU  term  pUjntt  basilana. 
Usually  it  consists  of  several  large  vessels,  nf  which  one  or  two  are 
longitudinal,  and  from  two  to  three  transvorsal ;  between  these  thew 
is  a  largo  number  of  smaller  vcsseb.  If  you  make  an  iitcision  into 
*  **0p.  dUt.,"p.  «. 
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the  dura  mater  which  is  here  stretched  out  tightly  and  smoothly,  you 
will  linii  that  it  ia  attached  closely  only  to  the  dorbuni  selise,  and  in 
the  region  of  the  spheno-occipital  Buturo.  Under  the  dura,  throughout 
the  whole  of  the  intervening  apace,  liea  a  spongy  tissue  which,  under 
favourable  circumstances,  is  entirely  saturated  with  blood.  lu  adultti 
there  is  exhibited  here  a  scries  of  timi  trabecule  which  pass  from  the 
dura  mater  to  the  surface  of  the  boue^  and  which  are  distinctly  visible 
by  their  whitiah,  aioewy  appeaninoo.  To  these  trabeculte  there  in 
usually  attached  a  scanty,  soft,  fatty  tissue,  wlticli  sometimes  is  reddish^ 
and  at  other  times  yellowish  ;  just  as  is  the  case  iu  the  cavernous  sinus. 
The  rest  is  made  up  of  anastomosing  vascular  spaces  in  wide  mashes. 
On  removing  this  mass  from  the  surface  of  the  bono,  the  Utter 
appears  rough,  uneven,  almost  carious,  and  perforated  by  large 
vascular  foramina  filled  with  blood.  Frequently,  abo,  there  are  smaU. 
flat  fossulrc  furnished  with  larger  or  smaller  osseous  pnyections.  The 
eminence  of  the  dorsum  sellie  also,  not  unfrcqueutly,  exhibits  similar 
fusauln  and  osseous  projoctionA  which  sometimes  assume  the  form  of 
regular  small  exostosea.  This  condition  is  by  no  moans  exceptional, 
but  is  to  a  certnin  degree  the  normal  ct»ndition.  If  these  parts  are 
examined  mikroskopically,  the  trabecular  appear  formed  of  a  dense, 
filamentous  tissue,  richly  furnished  with  elastic  elements.  The  soft 
mass  which  is  attached  tu  them,  and  which  fills  the  fine  fossulo*  in  the 
surface  of  the  bone,  is  altogether  circumstanced  like  the  marrow  of 
bones.  Sometimes  it  consists  altogether  of  fatty  tluiue,  which  is 
permeated  by  vessels,  and  in  some  i>arts  by  nerves.  .  .  .  All  the 
remaining  space,  not  occupied  by  trabecular  or  marrow,  belongs  to 
vessels.  When  examined  very  closely,  even  with  the  naked  eye,  there 
are  noticed,  on  the  small  osseous  projections,  bluish-white  little  scales 
ur  linings,  usually  with  some  striated  fundamental  substance,  but  with 
very  Urge  vesicular  cells  which  are  often  arrange^l  in  larger  groups. 
...  If  we  abstract  these  parts,  the  surface  of  the  bone  is  entirely 
bare,  witlmut  any  periosteum  ;  the  spaces,  which  are  filled  with  marrow, 
open  directly  to  Uie  surface,  as  is  indicated  by  the  occurrence  of 
marrow  or  medullttry  tissue  on  the  same ;  and  fA«  veutU  of  thf  bon* 
communU'ate  ilirrctly  ivCtK  the  tvperficial  pifjcus.*' 

Lutchka  and  Untie,  in  their  text-books  of  anatomy,  adopt  the  pre- 
sentation of  the  anterior  occipitil  sinus  by  Virchow  ;  likewise  Sappfy."^ 
This  latter  author  sayH,  "The  anterior  occipital  sinus,  called  also  the 
transverse  sinus,  belongs  to  the  class  of  anastomotic  sintiseft.  It  is 
formed  uf  two  ur  three  irregular  ducts,  which  open  into  oue  another, 
*  "Op.  citat.,"  ii.,  p.  735. 
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and  ejEtoiid  transversely  from  the  coiilluent  of  tbo  petrosal  and 
cavernous  sinui&ea  of  Ihe  one  side  to  the  similar  contlucut  uf  the  other 
side.  ...  In  reuniting  the  two  superior  petro.-ial  BinuseA,  it  fomiH 
with  them  a  large  anastomosis,  extending  transversely  from  the  right 
lateral  sinus  to  tho  left  lateral  sinu^." 

Knott^  says,  **The  so-called  transverse  fiinus  of  oar  text-books  ill 
deserves  the  name;  fur  it  does  not  form  a  separate  or  distinct  cunal, 
as  iu  the  case  of  the  sinuses  previously  described.  The  name  of 
plejcua  tmailafU  >?ivon  to  it  by  Virnhow  is  much  more  npjilicnble,  as  it 
is  formed  of  a  network  of  anastomosing  veins  pluced  between  this 
layers  of  the  piece  of  dura  mater  which  covera  the  cUvus.  Sonic  of 
them  open  into  tlie  inferior  petrosal  ^inud  of  either  side,  some  com- 
mmiicate  anteriorly  with  the  receptaculum,  or  Mnu«  eavenuau* 
.jnsterior  :  while  others  paaa  downwards  to  tho  margin  of  the  fonunen 
magnum  to  anastomose  with  the  anterior  rachidian  veins.  I  have 
foand  a  notable  variation  in  their  arrangement,  ejccept  in  the  varying 
sJKe  of  the  branches  which  go  in  the  direction  already  mentioned." 

Lander,  who  made  a  cast  of  the  venous  vessels  connected  with  the 
cavernous  sinuses,  says,  "The  venous  net,  the  pltxus  ficitUarU  of  Virohow, 
which  covers  tho  clivus  and  conjoins  the  inferior  petrosal  sinuses,  is 
Itcrfectly  developed  in  the  child.  It  consists  of  two  layers  of  intertwined 
vessels;  of  a  superficial  one  composed  of  more  delicate  vessels,  and  of  a 
lower  one  which  is  composed  of  thicker  tubea  ...  In  adults  the  clivus^ 
which  is  covered  with  this  net,  is  often  sunk  in,  and  mostly  also  seems 
carious  and  perforated.  This  is  due,  as  has  been  observed  already  by 
Virchow,  to  a  tissue,  the  foundation  of  which  is  formed  by  a  sinuous 
texture  <tf  veins.  This  texture  is  circumstanced  exactly  like  the  sinos 
eavernusus.  The  veins,  which  were  originally  arranged  in  the  diatinct 
form  of  a  net,  iu  tlie  course  of  time,  through  enlargements,  become 
siaaoaB,  and  by  confluence  they  at  last  give  rise  to  an  extensive 
common  lacuna,  which  is  traversed  by  fibrous  trnbeculae  "  (aee  above, 
no.  02 In). 

From  an  analysis  of  the  information  furnished  by  the  authors  concern- 
ing tjie  "  anterior  occipital  or  transverse  sinus,"  or  respectively  concern- 
ing the  "  plexus  basiluris  "  of  Virchow^  it  appears— ^ir*^,  that  it  receivea 
its  supply  of  binod  almoet  altngetlier  from  the  interior  of  tho  bonea  of 
theskuU;  which  blood,  according  to  Swedcnbi)rg.  is  mainly  arterial 
blood  from  the  carotida,  euriche^l  with  apirituous  lymph,  the  "duid 
of  the  9fcond  order,"  which  is  dispatched  from  the  pituitary  glaodi 

'  In  **  'J'rtidsacttons  of  Interaatianal  )(edicAl  Congress,"  London,  ISSl,  Vul. 
i.g  p.  lOo.  <<  »'c/. 


TUE  CANAL  OF  TABARRANL 


503 


Ste/mdl^,  that  througb  its  Uigbe&t,  transverfle  branch,  vhlch  opens  into 
the  cavernous  sinuses,  this  plexus  of  vesseiit  communicates  ou  the  one 
l»and  with  the  superior  and  inferior  petrosal  einiisea,  and  ow  tlie  other, 
iiervQ»  as  an  anastum<.>»isT  and  thus  as  a  uniting  medium  between  the 
two  cavernous  sinuses.  B;r  this  raeaoa  the  splritauus  lynipli,  the  tluid  of 
the  »tcond  order,  aa  Swedenborg  sug^ettta,  is  partly  diverted  xxMo  the 
superior  petrosal  sinuses ;  yet  not  only  into  these,  but  aho  into  the 
inferior  petrosal  sinuHes;  for  with  these  latter  sinUHes  the  **  plexus 
basilaris"  communicates  not  only  through  its  **  anterior  occipital  or 
transverse  '*  branch,  which  opens  into  the  cavernous  sinuses,  but  it 
opens  into  them  alsc*  during  the  whole  of  their  downward  cour?*e.  As 
to  the  anastomotic  use  of  the  highest,  transverse  branch  of  the 
*'  plexus  basilaris,"  by  which  the  contents  of  the  two  cavernous  sinuses 
are  wjualizod — this  is  discussed  below  in  no.  44  of  the  present  Note, 
jT/tnW/y,  it  appears  also  that  the  "  plexus  basilaris  "  acts  as  a  medium 
of  connection  between  the  sinuses  of  tlie  sella  turcica  and  the  venous 
vessels  of   the   vertebral   canal,  enriching   the   latter   with   a  more 


sjtirituous  blood. 


7.   The  Ctttnil  of  Tiiditrmni. 

38.  This  canal  is  the  recipient  of  the  bulk  of  the  «pirituoua  l3rmpb, 
the  tluid  of  the  Mcond  order,  which  is  dispatchod  from  the  pituitary 

and  through  tympheduots  into  the  interior  of  the  sphenoid  bone. 
After  this  lymph  has  first  been  commingled  there  with  blood,  it  is  dote^ 
mined  into  the  tributaries  of  tho  above  canal ;  while  the  remainder  of  the 
bluod,  which  is  likewise  more  or  less  enriched  with  lymph,  is  directed 
into  the  "  basilar  plexus  "  of  Vircbow,  and  conveyed  ihence  into  the 
sujierior  and  inferior  [Tetroeal  sinuses,  and  also  into  the  veins  of  the 
vertebral  canal. 

Attention  has  first  been  called  to  this  canal  by  Tabarrani  in  1743. 
It  starts  sometimes  immediately  from  the  cavernous  sinuses,  aud  at 
other  times  from  the  *' funnel"  of  the  canttid  in  the  carotid  canul, 
and  thence  it  runs  ou  the  external,  lower  side  of  thu  cranium,  either 
directly  into  the  internal  jugular  vein,  or  it  terminates  in  the  inferior 
petrosal  sinus  near  \i»  juncture  with  the  j\igular  vein.  Tabarrani 
describes  it  as  immediately  underneath  the  groove  of  the  inferior 
]»etroaal  sinus,  between  the  basilar  process  of  the  occipital  bone  and 
the  |>etrous  portion  of  the  tem|Kjral  bone,  so  that  by  breaking  through 
this  groove  you  reach  the  aiuul  underneath. 
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Haller'^  gives  the  following  description  of  thia  canal:  "To  the 
ftDterior  occipital  sinuses  I  would  refer  also  a  new  sinus  of  which 
Pietro  Tabarnmi  says^  that  it  springs  from  the  funnel  of  tho  carotid, 
and  terminates  either  by  a  single  orifice  in  the  foramen  jugularo,  or 
empties  there  obliquely  into  the  inferior  petrosal  sinus."  He  ahHj 
attributes  to  this  *' sinus  "  a  diverticle  which  enters  the  vertebral  Toin, 
and  opens  also  into  the  present  sinus. 

This  same  canal,  it  seems,  was  known  to  Malacame  and  Sir  Charles 
Bell ;  for  this  latter  author  mentions,  amon^  the  Emissaria  of  the 
Cavernous  Sinuses,  **tho  interosseous  sinu-i  of  Malacunio,"  (See 
Bell  on  the  Cavernous  Sinuses,  in  no.  6216  of  the  present  volume.) 

Tabarnmi'^  himself  gives  the  following  additional  particulars  re- 
specting the  sinus  or  canal  discovered  by  himself:  "This  new  sinus, 
I  believe,  has  not  been  hitherto  observed  by  the  anatomists  on  account 
uf  tho  difficult  place  which  it  occupies.  It  is  situated  on  either  side 
between  the  basilar  process  and  tho  petrous  bone,  in  the  interior  of 
the  bone  underneath  the  inferior  petrosal  sinus;  or  in  order  to  ex- 
press myself  better,  under  the  groove  in  which  said  petrosal  sinus 
pursues  its  course,  exactly  there  where  a  certain  substance  is  found 
which  is  almost  intermediate  between  cartilage  and  ligament.  There 
this  same  sinus  pursues  its  course  on  the  bone  uf  the  basilar  procen ; 
a  slight  groove  which  sometimes  is  seen  imprinted  there  pointing  out 
the  way.  Tbe  beginning  of  said  sinus  is  usually  found  between  the 
carotid  and  the  sella  turcica;  but  its  end  is  mostly  in  tho  foramen 
jugulare,  near  its  oi^ni  diverticle,  and  in  connexion  with  the  inferior 
petrosal  sinus.  .  .  .  During  its  passage  it  generally  sends  out  a  little 
canal  which  enters  the  vertebral  vein  near  its  entrance  into  the  fora- 
men of  tho  eleventh  pair  of  nerves." 

39.  This  canal  or  sinus,  which  was  thus  minutely  described  by 
Taburrani,  and  which  was  introduced  to  the  knowledge  of  tbe  leaniod 
in  general  by  Haller,  in  his  *'  Elementa  Physiologiie,"  became  forgotten 
again  since  Ualler's.  or  j)erhap9  Bell's  time,  until  it  was  rediscovered 
in    1863  by   Emjixsck.^      Tbe  description  of   thia  author  agrees  in 

1  *'0p.  oiUt.,"iv.,  p.  158. 

*  Taburrani  (Pietro).  *'Obaervationes  iinatomicas"  etc.,  in  (iiuItAuP* 
'*Memoriti  sopru  la  Fisic-A  e  UtorLi  natur&le  di  diveni  v&lentuomtm,"  Tudi. 
L,  I-acM,  1713,  pp.  33-38. 

'  FjigHach  (Dr.  J.).  **Uebor  einc  eonstiinte  Verbinilung  dec  Sinus  cav«r« 
nf>BU8  init  (lem  hintcren  KnJe  dec  Sititia  petroauo  inferior  uuKorbalb  dea 
8i:biiilti1a,"  id  *' Sitxungabcrichte  der  matbemAti»oh-naturwiuGU8chaftlichea 
CUwe  'ler  KaiHurlicbcu  Akftdoniie  dor  ^Vissenaolufluii,"  B«nd  xlvUl.,  AbUl«lL 
I,  Jtthrgajii^,  18ti3;  Hvft.  vi.,  Wleu,  IStW;  p,  27,  ^t  ncq. 
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all  essential  particulars  with  thftt  given  by  Tabarrani  in  1743.  He 
aaya,  "An  ezamiuatioo  of  the  contents  of  the  foramen  jugulare  led  ua 
to  the  foltowing  raaulta : — If  you  open  the  twna  Juffulai-ts  interna^  you 
will  notice  at  its  interior  wall  an  opening  which  is  closed  up  by  a 
kind  of  valve,  the  free  ooncuve  margin  of  which  is  turned  downwards 
and  outwards.  The  ends  of  said  valve  run  down  along  the  wall  of 
the  vein  perhaps  to  the  distance  of  an  inch.  Said  opening  is  either 
in  the  MOu*  vena  fti^jtUarit  $Hp.^  or  at  some  distance  below  the 
same,  even  H  inches  from  it.  This  same  opening  corre.spond.i  with 
the  mouth  of  the  vein,  into  which  the  posterior  end  of  the  inftinur 
IjetroBol  sinus  passes  over.  In  addition  to  this  opening,  however, 
there  are  in  the  hufhug  vm.  juij.  sup.  always  from  two  to  six  addi- 
tional oritices,  through  which  you  obtain  access  tu  the  intermediate 
spaeea  between  the  nfreiu  glosio-pharynyeus^  the  nervut  vagus,  and  the 
nervua  rrcurrens  WiUwi.  These  spaces  are  divided  by  traunverse 
trabecule  into  smaller  compartments,  and  out  of  these  spaces  there 
constantly  descend,  between  tbaso  three  nerves,  slender  veins,  in  order 
to  conjoin  themselves  with  neighbouring  veins.  If  there  is  no  opening 
below  the  foramen  jugulare  in  the  vena  jugularis,  one  of  the  last- 
mentioned  orilices  is  always  larger  than  the  others,  and  it  leads  be- 
tween the  above-named  nerves  into  the  posterior  extremity  of  the 
inferior  petrosal  sinus.  If  now,  in  the  case  where  the  inferior  petrosal 
sinus  passes  over  into  a  vein,  and  terroinotos  further  down  in  the 
jugular  vein,  you  foUuw  tho  same  upward.%  you  wilt  notice  in  its 
inferior  M*all  an  orifice  which  is  contracted  through  a  kind  of  valve, 
and  which  leads  into  a  canal  [Tabarrani^s  caual]  through  which,  up- 
wards in  a  concave  direction,  yuu  get  into  the  posterior  extremity  of 
the  cavernous  ainus,  or  into  its  continuation  in  the  carotid  canal.  In 
respect  to  the  position  of  said  canal,  it  ia  situated  in  the  lower  margin 
of  tho  curtilage  which  conjoins  tho  two  sides  of  the  jxi/'s  pftrofi  om4 
ttmporatU  and  tho  part  Ixisiiarit  o$si4  ocrlpitalU  which  face  one 
another.  Where  this  canal  departs  from  the  inferior  petnual  sinus, 
its  wall  protrudes  in  the  form  of  a  more  or  less  acute  edge ;  and  there 
also  the  tube  of  the  canal,  which  is  slightly  enlarged,  ia  constantly 
united  with  tho  cellular  epacea  between  the  afore-menti(»ncd  nerves. 
.  .  .  The  width  of  tho  canal  amounts  in  most  cases  to  ^1  line  in 
diameter,  and  this  width  U  either  constant,  or  olse  at  one  or  at  both 
extremities  it  is  narrower  thati  in  the  middle ;  so  that  on  the  one 
hand,  where  it  approaches  the  cavernous  sinus,  or  on  the  other,  where 
it  draws  near  to  the  posterior  end  of  the  inferior  petrosal  sinus,  it 
gradually,  or  suddenly,  Ci^ntracts.     The  wail  of  the  canal  ia  either 
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smooth  or  farnighed  with  fold-like  emiaencea,  which  are  more  strongly 
deve!oi>ed  in  that  part  of  th^  caual  which  is  nearer  to  the  cAvernons 
sinuses.  In  many  cases  trabeculie  oven  extend  from  one  wall  to  the 
other,  and  these  decnsaate  in  a  more  or  less  acate  anj:le.  so  that  the 
canal  presents  an  appearance  Miutlar  to  that  of  tlie  cuTernous  sinuRes. 
The  communication  of  the  ciiial  with  the  cavernous  sinus  ia  effected 
either  through  une  larger,  or  several  smaller  oriBces.  .  .  .  In  addition 
to  the  o[)eninypi  of  the  canal  at  its  begiuning  and  at  its  end.  thtre  nr« 
numfroug  orijiirs  alonff  ths  utilhy  especially  along  the  inferior  waU. 
Tbrough  one  of  these  o[>ening»  you  get  into  a  slender  canal  which  ia 
situated  in  the  firm,  cartilaginous,  connective-tisitue  moss  which  UoM 
the  lower  surface  of  the  /fftn  htuilarU  ossis  o<ripitalis.  It  converges 
in  an  anterior  direction  with  another  corresponding  canal  of  the  other 
bide,  until  tbey  meet  in  the  middle.  ...  In  addition  to  this  cnnstant 
branch  which  departs  from  the  posterior  i^nH  of  the  can:ii,  tliere  ia 
often  a  second  or  even  a  third  branch,  which  move  in  a  like  direction, 
and  which  again  may  be  conjoined  by  tninsversc  branches  S'j  as  to 
produce  an  entire  net.  If  you  examine  a  dried  skull,  you  will  jind 
between  the  lower  edge  of  the  lateral  margin  of  the  basilar  process, 
and  the  lower  pOKterior  margin  of  the  petrous  part  of  the  temporal 
bone,  a  gutter-Hko  groove,  in  which  place  also  the  connective-tiasue 
ina*»9  must  be  wider.  In  this  groove  the  canal  in  tiuestion  is  cou- 
tained,  The  examination,  iu  all  caees,  showed  the  canal  Ui  be  double ; 
but  it  was  impossible  to  establish  a  reciprocity,  in  rosj^ct  to  aize,  be- 
tween the  canal  and  the  cavernous  sinus," 

40.  In  1870,  Trulard^  who  evidently  wiw  unacquainted  with  the 
jiaper  of  Dr.  Englisch  which  was  published  in  1863,  discovered  the 
"  canal  of  Tabarruni "  afresh. 

His  description  of  this  canal,  which  he  styles  the  "  lower  petro- 
occipital  sinus,"  is  as  follows :  *'  On  examining  the  exterior  of  the  basis 
of  a  skull,  you  will  notice,  on  tho  level  of  the  pciro-Dcoipital  suture, 
n  grotive  ninning  from  t-he  foramen  lucerum  anterius  to  tho  fonunen 
lacerum  posteriua.  The  groove,  which  sometimes  is  Tory  Diarked,  is 
iiocupied  by  a  sinus.  This  sinus  is  semi-cylindricuJ.  Its  base  re^ts  on 
a  thick  layer  of  fibrous  tissue.  Its  direction  its  frotu  within  outward^^ 
and  from  before  backwards.  Its  anterior  extremity  is  not  always  cir- 
cunistanccd  alike.  At  one  time  it  communicfttei  im^n  '■  '  '■■  tvith  the 
cavernous  sinus,  at  tho  meeting  of  that  etnu?  with  :  1  sinus; 

in  this  case  it  crosses  the  foramen  laoeruoi  aiiterius.  At  another  time 
it  does  not  go  so  f>ir  as  that  fummun  ;  thruugb  one  or  two  liitlo  orificos 
'  •'  Op.  dtnt.,"  p.  267. 


THE  CANAL  OF  TABARRANL 


507 


it  communicates  with  the  middle  portion  of  the  carotid  sinaR.  Au 
the  dissection  in  this  latter  case — which  case,  beside^f,  occurs  most  fre- 
i|uentl}r — is  not  very  easy,  in  order  to  htive  a  direct  proof  of  this  com- 
mnnication,  it  suffices  to  inject  some  liquid  through  one  of  the  orifices 
of  which  1  have  just  spoken ;  you  will  then  notice  a  liquid  bubbling 
up  in  the  carotid  sinua.  The  posterior  extremity  of  the  sinus  termin- 
ates in  the  anterior  condylar  foramen.  The  sinus  itself  is  not  very 
large,  although  wjmetimos  it  eqiuils  in  size  the  inferior  petrosal  sinus. 
From  its  position  I  propose  to  call  it  the  petro-uccipital  sinus.  Aud 
as  the  inferior  fK.'trnsai  sinus  reclines  also  on  the  very  same  snture, 
and  is  fur  from  partalcing  of  a  ])etrnna  character,  since  it  is  situated 
almost  altogether  un  the  occipital  lione,  I  am  of  opinion  that  it  ought 
to  be  called  the  upper  petru-occipital  sinus,  in  which  case  the  new 
sinus  would  be  the  lower  }ifin>-rKcipital  sinws" 

Trolard,  and  also  Taharrani,  call  the  vessel  wo  are  now  discussing  a 
sinus ;  yet  it  lacks  one  of  the  most  im^tortant  attributes  of  a  sinus ; 
namely,  it  is  not  enclosed  in  a  duplicature  of  the  dura  mnt^r,  but  it  is 
AJniply,  as  Bell  describes  it,  an  ''interosseous  canal."  Knott  calls  it 
"an  external  vein  which  paases  backwards  along  the  petro-occipital 
suture."  As  it  is,  however,  imbedded  in  the  cartilaginous  substance 
which  covers  that  part  of  the  exterior  base  of  the  cranium,  it  is  with 
greater  propriety  called  a  "canal  '*  than  a  sinuSf  or  even  a  vein  ;  and 
we  propose  to  call  it  the  "canal  of  Tabarrani,"  after  its  first  dis- 
coverer. 

LnHfjrr^  gives  the  following  description  of  this  canal :  "As  one  of 
the  emisAaria  of  the  cavernous  sinus^  we  have  to  mentiou  here  the  niuua 
|>etro-occipitalis  inferior  of  Trolard,  attention  to  which  Litd  been 
previously  callvd  by  Eugliach.  This  is  a  venuus  cunal,  nut  very  Urge, 
which,  in  company  with  the  plexus  or  sinus  caroticuK,  leaves  the  CAver- 
nous  sinus  in  the  foramen  lacerum  anticum,  and  which  pursues  its 
course  in  the  grtnive  between  the  petrous  jtart  of  th»?  temporal  bone 
and  the  l>asiiur  part  of  the  occipital  bono.  In  casts  of  the  venous 
vessels  of  the  cavernous  sinus  obtained  by  oorrusiou,  I  noticed  a 
junction  of  this  miial  with  the  plexus  nervi  hypo^dosso,  both  in  the 
heads  of  adults  and  of  children ;  I  also  noticed  little  vascular  twigs 
ciuiimunicating  with  it,  as  an  evidence  that  it  gathers  its  supply  also 
from  the  lowvr  surface  of  the  base  of  the  cranium." 

41.  If  now  we  carefully  ounsider  this  canal  in  the  light  thrown 
npon  it  especially  by  the  researches  of  Dr.  Englisch,  we  shall  tind 
that  this  canal  harmonizes  in  a  remarkable  manner  Swedciilx^rg's 
»  la  "^iiUungsborichte,  "etc.,  Wiua,  1985,  p.  313. 
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theory  of  the  three  liquids  which  are  dispatched  from  the  pituitary 
gland. 

The  Auid  of  the  first  order,  according  to  this  theory,  ia  thus  dis- 
charged through  the  circular  sinuH  of  the  gland,  into  tlie  superior  pet- 
rosal sinuses,  and  thence  into  the  lateral  sinuses. 

The  fluid  of  the  second  order,  the  spirituous  lymph  now  uuder  dia- 
cossion,  18  sent  from  tlie  gland  through  lympheducts  into  the  interior 
of  the  sphenoid  bune,  and  of  the  basilar  process  of  the  occipital  bone ; 
there  it  is  partly  gathered  up  by  the  *'  basilar  plexus  "  of  Virchow,  and 
discharged  thence  into  the  superior  and  inferior  petrosal  sinuses — 
chiefly  into  the  latter;  while  the  remaining  lymph  enters  '*  the  canal 
of  Tabarrani "  through  '*  the  numerous  orifices  in  its  walls/'  and  aUo 
through  *'a  net  of  communicant  branches  in  the  Arm,  cartilaginous, 
connective-tissue  mass  which  lines  the  lower  surface  of  the  basilar 
process  of  the  occipital  bone."  But  lest  any  of  this  j)reciuus  spirituous 
lymph  should  ascjipe,  an  abundant  supply  of  arterial  and  venous  blood 
enters  the  canal  directly  either  from  the  cavernous  sinus,  or  from  the 
siuus  which  encloses  the  carotid  iu  the  carotid  canal.  Its  main  supply 
of  blotxl  or  lymph,  however,  our  canal,  as  it  seems,  derives  from  the 
interior  of  the  bone,  and  not  from  the  cavernous  sinus,  for  on  approach- 
ing the  cavernous  sinus,  the  canal  contracts,  and  besides,  according  to 
Dr.  Englisch,  there  is  '*do  reciprocity,  in  respect  to  size,  between  the 
canal  and  the  cavernous  sinuses."  From  the  fact  that  the  caual  also 
frequently  contracts  iu  width  as  it  approaches  the  jugular  vein,  it 
follows  that  it  serves  likewise  in  the  capacity  of  a  storehouse  for  the 
spirituous  lymph,  upon  which  the  heart  may  draw  ad  libitum  through 
the  jugular  vein.  This  explains  also  the  fact  of  the  existence  of  "fdd- 
lilce  eminonces,"  in  the  interior  of  the  canal,  and  likewise  of  trabeouls 
whicli  decussate  from  one  wall  of  the  canal  to  another ;  for  by  theao 
appliances  the  spirituous  lymph  is  capable  of  being  retained  in  the 
canal,  when  not  immediately  wanted  by  the  jugular  vein.  The  aame 
purpose  also  is  served  by  the  valves,  by  which  the  opening  of  the  canal 
into  the  extremity  uf  the  inferior  petrosal  sinus,  as  well  as  into  the 
jugular  vein,  is  controlled. 

The  facts  adduced  here  respecting  the  *'  canal  of  Tabarrani,"  and 
in  the  preceding  subsection  respecting  the  "plexus  basilaris"  of 
Virchow,  confirm  also,  in  a  remarkable  manner,  Swedenborg's  theory 
respecting  the  dispatch  of  blood  from  the  area  of  the  sella  turcica 
towards  the  lateml  siimses  and  the  interior  jugular  veins.  For,  while 
the  blood  richest  ;n  spirit,  namely,  that  which  carries  the  fluid  of  the 
Jirtt  order,  is  discharged  by  the  superior  petrosal  sinuses  into  the  very 
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receptacles  of  the  lateral  sinuses  at  some  distance  abovo  tlie  foramen 
jugulnre — the  cunal  of  Tabarrani  und  the  inferior  petrtHul  Binases, 
both  of  which  carry  the  fluid  of  the  second  order,  enter  tlio  jugular 
vein  in  the  neighbourhood  of  the  foramen  jugulare.  tSometimes, 
however,  the  canal  of  Tabarrani  opens  into  the  furamen  jiigiilare 
itself,  while  the  inferior  petrosal  fiinua  empties  its  contenta  into  the 
jugular  vein  at  some  distance  below  the  foramen  jugulare — and, 
indeed,  for  this  reason,  because  the  inferior  ]>etro6al  8inus  carries, 
besides,  the  fluid  of  the  third  order  from  the  cavernous  sinuses.  Fr»r 
the  same  reason,  also,  that  the  higher  liqnid  may  suitably  mix  with 
the  lower,  at  ot}ter  limes,  the  canal  of  Tabarrani  pours  its  contents 
into  tlte  inferior  petrosal  sinus  itself,  before  this  Teasel  reaches  the 
jugnl&r  vein. 


k 
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42.  The  function  of  these  sinuses  Swedenborg  describes  ns  follows  : 
"  The  cavernous  sinuses,  which  are  adjacent  to  three  of  the  sides  of 
the  sella  turcica,  afford  a  convenient  and  safe  parage  to  the  carotids, 
to  sinuses,  veins,  and  ncrv&s,  and  they  warm  all  partJi  with  the  heat, 
as  it  were,  of  a  bath,  which  is  increased  to  such  a  point  thut  tlie 
processes  of  dissolving,  commingling  and  transmitting  liquids  are 
carried  on  in  n  satisfactory  manner ;  and.  further,  that  through  the 
mediation  of  the  cavernous  sinuses  there  may  exist  a  due  communica- 
tion,/r<  of  tlie  liquid — the  grosser  serum — which  presses  in  from 
the  sella  turcica  ;  ttcondly^  of  the  carotids  with  one  another,  as  well  as 
with  the  pituitary  gland ;  and,  thirdly^  of  the  lymphcducts  with 
blood-vessels,  both  in  the  subjacent  bone  and  in  the  dura  mater  which 
lines  the  sella.  It  seems  also  as  if  the  ciivernons  sinu-^es  did  not 
admit  [from  the  pituitary  gland]  into  their  cavity  any  other  fluid 
except  that  which  collects  around  the  gland ;  while  the  larger  veins  at 
the  bottom  of  tlie  cavernous  sinuses,  mentioned  by  Ridley,  seem  to 
receive  the  nutritive  blood  of  the  bone  underneath  "  (no.  625a). 

Again  he  says,  **If  the  veins  in  question — those  which,  according 
to  liidley,  direct  their  course  towards  the  sides  of  the  sella  turcica — 
did  receive  any  spirituous  essence  from  the  brain,  they,  like  tlie 
remaining  ducts,  would  convey  it  either  into  the  sinunes  of  the  base  of 
the  cranium — the  superior  or  inferior  petrosal  sinuses — or  into  the 
jugular  vein.  Wherefore,  suppose  they  carry  their  blood  outside  the 
craninm  through  other  foramina,  there  i.s  ground  for  conjecturing  that 
they  imbibe  a  different  blood,"  etc.  (no.  625/). 
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The  poiuts  which  Sweilenburg  lays  down  here,  aud  in  uUier  pli 
in  re«pect  to  the  wiveniou-s  sinuses,  are  as  follows  : — 

Fitii^  the  cavenmiu  sinuses  do  not  admit  itito  their  cavity  fmm  tfan 
pituitary  gland  any  other  fluid  except  that  which  collects  in  tba 
j>oaterior  part  of  the  sella,  and  which  empties  intu  the  cavcrnoun 
sinuses  through  the  posterior  receptacle  which  is  underneuth  the 
posterior  lobe  of  the  gland. 

Stcmidly,  this  grosfier  serum — the  (luid  of  the  thud  order — ia  di*- 
cbarged  from  the  cavernous  siniises  through  the  inferior  potrokul 
singles. 

Thirdly^  the  cavernous  sinuscB  are  the  recipients  also  of  blmpd  luMru 
or  less  destitute  of  spirit,  which  they  dischargu  through  special 
emissaria,  and  not  through  the  sinuses  of  the  base  of  the  crauiam, 
namely,  through  the  superior  and  inferior  petrosal  sinuseti,  and  the 
anterior  occipital  or  transverse  sinus. 

The  tirst  and  third  of  these  points  we  ^^hall  discuss  in  connection 
with  the  cavernous  sinuses,  the  second  point  in  connection  with  the 
inferior  petrosal  sinuses. 

43.  Of  the  tliree  lluids  which  are  discharged  from  the  pituitary 
gland,  strictly  spetiking  tvvo,  namely,  the  fluids  of  iho/ir*r  and  of  the 
third  order,  are  emptied  into  the  cavernous  sinuses.  Still,  the  bulk  uf 
the  fluid  of  ^^MQfirit  order,  which  is  discharged  from  the  circular  siuos, 
as  was  shown  above,  in  no.  30,  is  carried  awny  immediately  by  the 
superior  petrosal  sinuses,  and  does  not  mix  with  the  contents  of  the 
cavernous  sinuses  generally  j  so  that  the  iluid  of  the  ihlrtl  order  in 
actually  the  only  liquid  whicii  is  received  in  its  totality  by  the 
cavernous  sinuses  from  the  pituitary  gland. 

Concerning  this  fluid,  which  in  a  serum  ol  a  grosstjr  nature,  wr 
have  shown  abovp,  in  nfis.  124-27,  that  it  collects  in  a  .system  of  ineshi^^ 
which  is  situated  under  the  integument  of  the  gland,  in  its  posterior 
part.  Thence  it  is  discharged  iuto  the  pobterior  recoptaclo  which  ia 
placed  under  the  posterior  lobe  of  the  gland. 

The  question  here  arisos,  in  what  manner  does  Hie  pu«teriiJi- 
receptacle  or  sinus  empty  its  contents  into  the  cavernous  sinuses  i 
Swedenborg  declares  that  this  discharge  takes  place  through  a  dupH- 
cature  of  the  dura  muter  in  the  posterior  part  of  the  sclhi,  which 
dupUcuture  is  rc-lajced  during  the  expansile  motion  of  the  gland. 

Another  moans  of  discharge  would  be  the  holes  or  foramijia  through 
which,  according  to  Littrc,  the  [losterior  r*  ■  "lumufti- 

cutes  with  the  anterior  vessel — the  iufeiiot  ivoaiomt 

aioofl. 
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Tahan'ani^  describes  plainly  the  method  through  which  the  latter 
tas — the  inferior  transverse,  or  intercavernous  sinua — discharges  its 
intents  into  the  cavernous  sinuses.  He  declarer,  that  the  transverse 
sinus  under  the  pituitary  gland  communicates  with  the  cavernous 
sinuses  '*thruugh  twu  round  foramina,  between  the  cliuoid  processes 
of  the  sella  turcica." 

In  cose  the  posterior  receptacle  discharged  its  contents  into  the 
cavernous  sinuses  through  the  inferior  transverse  or  intercavernous 
binufi,  the  duid  of  the  third  order  would  reach  the  cavernous  sinuses 
thoroughly  mixed  with  carotid  blood;  while  in  the  former  case,  that 
is,  if  it  should  be  discharged  immediately  through  a  duplioature  of  the 
dura  mater,  it  would  arrive  in  the  cavernous  sinuses  but  little  altered 
in  its  composition. 

Both  methods,  it  would  seeui,  are  brought  into  requisition.  By  an 
immodiato  discharge  of  the  fluid  of  the  third  order  from  the  posteriitr 
receptacle,  the  supply  of  serum  in  the  cavernous  sinuses  would  be 
better  regulated.  But  by  the  discharge  of  the  serum  in  company  with 
the  carotid  blood  of  the  gland,  through  the  "inferior  transverse  or 
intercavernous  sinus,"  the  serum  would  enter  the  cavenious  sinuses, 
and  thence  the  jugular  veins,  in  a  form  in  which  it  can  be  more  easily 
assimilated  by  the  blood  in  the  jugular  veins. 

44.  For  the  sake  of  obtaining  a  pro{>€r  mixture  of  sanguineous 
elements,  the  cavernous  sinuses,  in  addition  to  the  grosser  serum  which 
y»fmra  in  from  the  pituitary  gland,  receive  venous  blood  from  nearly 
III!  parts  of  the  head.  And  that  portion  of  this  blood,  which  is  more 
or  less  mixed  with  spirit,  they  discharge  through  the  inferior  petrosal 
ainoaeB ;  while  the  remaining  portion,  which  is  nearly  devoid  of  spirit, 
they  consign  to  particular  emissary  ducts.  A  s[)ecial  use,  however,  in 
respect  to  tlie  cavernous  *iinus,  is  i>erformed  by  the  "anterior  occipital 
or  tranavorao  sinus,"  which  oiwns  into  the  jjosterior  extremity  of  each 
cavernous  sinus.  For,  in  addition  to  the  use  which  said  sinus  afTorda 
to  the  8Ui>orior  and  inferior  sinuses  by  supplying  to  them  blood  from 
the  interior  of  the  bone,  enriched  with  the  spirituous  lymph,  the  fluid 
of  the  9rron/f  order — that  sinus  acta  at  the  same  time  as  a  communicant 
or  anastomotic  vessel  between  the  two  cavernous  sinuses  by  which 
their  contents  are  equalized  and  balanced. 

The  small  siDuses  of  the  pituitary  gland  are  usually  supposed  to  act 
in  this  capacity ;  yet  these  siauses — the  superior  circular  and  the 
inferior  transverse  [that  is,  the  intercaveruous]  sinuses — simply  dis- 
charge tlieir  contents  in  the  direction  of  the  cavernous  sinu.-!es,  an.^ 

<  "Op.  cit»t,"p.  w. 
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they  do  nob  receive  any  liquid  from  them  in  return.  Fur,  as  stated  by 
ThfUe  in  his  edition  of  Somnifiring'a  Aii^ology^  "the  flni  of  blood  in 
the  cavernous  sinuses  is  in  an  antero-posterior  direction."  The  blotxl 
thus  moves  from  the  anterior  to  the  posterior  extremity  of  the  caver- 
nous sinuses,  where  are  situated  the  mouths  of  the  inferior  and 
superior  petrosal  simiaes,  and  also  of  the  anterior  occipital  or  transverse 
fiinua ;  and,  therefore,  the  restoration  of  the  balance  between  the  two 
cavernous  sinu.^es  must  he  efTocted  through  a  sinus  which  opens  into 
the  posterior  extremity  of  these  sinuses,  nnmely,  tlirough  tho  anterior 
occipital  sinus. 

45.  We  shall  now  exnmino  in  regular  order  the  venous  blood  which 
the  cavernous  sinuses  receive  in  addition  to  the  fluid  of  the  tiiini 
order  which  presses  in  from  the  posterior  receptacle  of  the  sella ;  and, 
also,  in  addition  to  the  carotid  lilood  of  the  gland  which  is  discharged 
into  the  cavernous  sinuses  through  the  **  inferior  transverse  or  inter- 
cavernous sinus." 

This  venous  blood  is  of  a  threefold  description.  It  enters  (1)  from 
the  interior  of  the  brain.  (2)  from  the  dura  mater,  and  (3)  from  tho 
external  parts  of  the  head.  In  accordance  with  the  liux  of  the  blood 
in  the  cavernous  sinuses,  and  of  the  venous  blood  generally,  in  the 
anterior  part  of  the  base  of  the  skull,  which  is  in  an  antero-posterior 
direction,  these  three  species  of  blood  enter  the  cavernous  sinuses 
through  their  anUrior  extremities,  and  especially  through  the  two 
large  veins  already  noticed  by  Ridley. 

These  two  veins  are  the  sphmo-^/mrietal  jtrwu^  and  the  ophthalmtje 
vein.  Through  tlio  former  of  these  channels  there  enters  mostly  the 
blood  from  the  braiu  and  from  the  dura  mater,  and  through  the  latter 
the  external  bUtod  of  the  head. 

Concerning  the  former  of  these  sinuses  Luaehka  ^  says,  **  The  «f uttt 
tphenf^-parittalii  or  tinus  alas  parwe,  which  has  been  described  by 
Breschet,  was  hitherto  regarded  as  an  inde[>endent  sinus,  but  it  may 
be  defined  as  a  branch  of  the  cavernous  sinus."  Umlr^  says  respect' 
ing  it,  **The  tinus  jtphatofMtrif fails  of  Ereschet  is  2rani.  wide.  Under 
the  cover  of  the  lateral  point  of  the  great  wing  of  the  sphenoid  bone, 
it  takes  its  origin  from  a  meningeal  vein ;  and  in  a  shallow  groove  of 
the  lower  plane  of  that  wing  it  moves  in  a  median  direction.  It 
vinters  the  anterior  point  of  the  cavernous  sinus."  JCnoii  deAcrihAM  tin* 
origin  of  the  sinus  in  a  similar  manner.'' 

t  Lnschka  (R.  v.).  "Die  Anatomie  Hei  Menitchrn,**  Vol  iU..  Abtli.  2. 
TubiDgen,  1SC7;  p.  152. 

«  "Op.  ciut.,"ai.  1,  p.  333.  I 
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According  to  HetUfy^  the  spbeno-parietal  sinus  derivos  a  supply 
from  the  following  additional  sources :  Firti,  he  says,  •*  The  lateral 
point  of  the  tinn^  sphrrw-^pariftalis  communicates  by  a  cnnsiderable 
anastomosis  with  the  venous  stems  \<;bich  accompany  the  middle  or 
great  meningeal  artery."  Secomily^  "The  ^na  diploica  temporalis 
antm'ior  empties  into  a  vena  temporalis  profunda,  and  also  into  the 
spheno-parietal  sinus."  ThirJhj^  he  saya,  **A  vein  of  changing 
caliber,  the  vena  opkthalmo-intningfa  Hyrtl,'  passes  from  the  region  of 
the  Sylvian  Bssnro  to  the  epheno-parietal  sinus ;  or  it  crosses  this 
sinus  and  goes  to  the  venous  stems  of  the  orbits.  In  the  latter  case 
it  is  sometimes  provided  with  valves  which  allow  the  motion  of  the 
bIo»)d  in  one  direction  only  ;  namely,  from  the  orbit  towards  tho  cavity 
of  the  cranium." 

Lmchka^  describes  the  venous  supply  of  this  sinus  in  a  similar 
manner. 

Thus  far  the  venous  supply  of  tho  apbeno-parictal  sinus  has 
been  shown  to  be  derived  chiefly  from  the  dura  mater,  and  from  the 
interior  of  the  cranium,  but  this  sinus  receives  aUo  tributaries  from 
the  interior  of  the  brain. 

HenU*  says  further,  "The  ifna  cerebri  Trfdia^  the  attendant  on  tho 
artery  of  the  same  name,  is  formed  in  the  Sylvian  fissure  out  of  twigs 
from  the  anterior  and  posterior  lobes  of  tho  brain.  It  anastomoses 
with  basal  twigs  of  the  vena  cerehri  nnUrior^  and  ends  either  in  tho 
cavemoas  or  the  spheno-parietal  sinus." 

The  fact  of  cerebral  veins  entering  the  cavernous  sinuses  had  been 
previously  noted  by  others.  So  Nailer^  says,  "Venous  blood  is 
brought  into  the  cavernous  sinuses  by  four  or  five  anterior,  inferior 
veins  of  the  lobes  of  the  cerebrum,  which  descend  from  the  fossa  of 
Sylvius."     /ieil"  and  Th^iW^  repeat  the  same  statement 

Cruveilhirr  *  says,  "  The  cavenious  sinuses  receive  in  front  the  inferior 
and  anffrior  cerebral  veins,  which  commence  upon  the  lower  surface  of 


»  "Op.  ciUt.,"  pp.  :i38,  339. 

'  lu  "Oesterrcichische  Zeitechrift  fiir  prftkUsohe  Heilkunde,"  1859,  do.  -16. 

»  "Op.  citat.,'  p.  333.  *  "Op.  citat„"p.  338. 

»  "Op.  oitttt."  iv.,  p.  154. 

*  Bell  (Sir  Charles).  **The  Anatomy  and  Physiology  of  tho  Brain  and 
NervM.  the  Orgona  of  the  Senics,"  etc.,  -ith  edit.,  Vol.  ii.,  18IG  ;  p.  429. 

'  SomtneriDg  (S.  Th.  v.),  •'  Vom  lUue  iloi  meDBcbUcheo  Korpcrs," 
"  Lvhre  von  den  Mnskvln  u.  OefiuuiLin  dee  menBcfalichen  KOrpen,"  umgcar* 
beitet  von  F,  W.  Tliflile.     Leipng,  I84I  ;  p.  272. 

*  Cruvcilhier  (J.).  '*  OewriptiTe  Anatomy/*  in  Tweedie's  "  Libraiy  of 
Medicine."     I^ndon,  Ift4'2;  Vol.  ii.,  p.  777. 
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the  anterior  lobe  of  the  cerebrum.  The  largest  of  these  veiaa  on  each 
side  reaches  the  sphenoidal  fissure,  turns  backwards  over  the  lateral  and 
middle  fossa  of  the  base  of  the  cranium,  and  enters  the  middle  moxxngtat 
vein.  Several  anatoiuUts  state  that  they  have  seen  the  middle 
meningeal  vein  open  Into  the  cavernous  fossa." 

From  the  statements  which  we  have  thus  far  quoted,  it  is  made 
very  plain  that  the  cavernous  sinuses  receive  a  snpply  of  venoua 
blood  not  only  from  the  dura  uiator,  but  also  from  the  anterior  and 
posterior  lobes  of  the  cerebrum.  But  there  is  one  circumstance 
involved  in  these  statements  to  which  we  have  now  to  call  attention, 
Henlo  states  that  the  blood  derived  from  the  brain  through  the 
Sylvian  fissure  is  received  either  by  the  spheno-parietal  sinus,  or  by 
the  cavernous  sinus  directly ;  while  the  other  authors  declare  that  it 
ia  received  immediately  by  the  cavernous  sinuses.  And  again,  while 
Bell  and  Theile,  at  the  same  time,  admit  the  existence  of  the  spheno- 
parietal sinus,  Cruveilhier  ignores  the  existence  of  this  sinus  altogether. 
In  this  particular  he  is  joined  by  several  other  modern  authors.  Thus 
we  look  in  vain  for  this  sinus  in  the  text-books  of  Todd,^  Quaint^ 
Ellis/  and  Sappey.*  Knvtt  *  notices  this  omission  in  these  words  :  "  I 
have  observed  great  variability  in  the  size  of  this  venous  canal  j  bat 
in  no  case  did  I  meet  with  an  insttince  of  its  complete  absence ;  a 
small  vein  at  least  was  found  in  those  cases  in  which  the  normal  sinos 
was  not  fairly  represented.  I  am  surprised  that  a  description  ia  so 
often  omitted  from  our  text-books.'* 

The  discovery  of  the  spheno-parietal  sinus  is  nsually  attributed  to 
Jireschet,^  but  it  was  long  before  described  by  Sir  Charles  liell^''  in 
these  words  :  *'  The  guptrior  sphenoidal  tvfiut*  are  seated  in  a  fold  of 
the  dura  mater,  on  the  internal  margin  of  the  wings  of  Ingrassias — 
ahe  viinores — and  before  the  great  wings  of  the  spbenoid  bone  ;  they 
receive  the  blood  in  part  from  the  orbit  and  from  the  dnra  mater. 
They  open  into  the  cavernous  sinus,  or  perhaps  into  the  ophthalouo 
sinus,"  etc 

»  Todd  (B.  B.).  "  The  Descriptive  Anatomy  and  Phyaiology  of  the  Brain," 
etc     Loudon,  1845. 

*  Qn»io'a  **  Elonicnti  of  Anatomy,*'  8th  edit.     London,  1876. 

■  KUiM  (G.  v.).     '*  Demon»tratioua  of  Auutouiy,"  7th  edit.     London,  IS74. 
^  2Uppey  (Ph.  C).     **Tmit<i  d'Auutuiuii:  Lfejicriptive,"   ftmc   tdit.     Paris, 
1876. 
»  "Op.  citat.,"p.  195. 

*  Breschet  ((J,).  **  Iket-hercbcs  ouAtomiques  sar  le  syat^me  voioeux,"  Urr. 
il..  pL  3.    Psris.  182t»  30. 

'  "Op,  ciUt.*'p,  427. 
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According  to  Tntlard^  the  sphenoparietal  sinus  Ls  nothing  else 
than  one  of  two  veins  by  which  the  principal  brunch  of  the  middle 
meningeal  urtery  is  attended.  Ho  sajB,  "One  of  these  veins  is  usually 
more  dtiveloped  than  the  other,  and  it  la  ordinarily  that  which  is  In 
advance  of  the  artery.  .  .  .  That  vein,  I  believe,  Breschet  described 
under  the  nanie  of  thu  sphenoparietal  ainua." 

46.  The  authors  are  pretty  nearly  unonimoua  as  to  the  second 
source  of  venous  blood  of  the  cavernous  sinus&s;  namely,  the 
ophthalmic  x*nn.  According  to  Sir  Charles  Bell,  the  ophthalmic  veins 
open  only  "sometimes"  int<^  the  cavernous  sinus;  but  some  of  the 
more  recent  anatomists  go  even  so  far  as  to  declare  that  the  ophthalmic 
vein  iri  the  only  constant  source  of  supply  of  the  cavernous  sinuses. 
So  Sappny^  says,  **  During  the  short  distance  which  the  cavemoua 
sinases  run,  from  the  sphenoidal  fissure  to  the  apex  of  the  petrotis 
bono,  these  sinuses  receive  the  ophthalmic  rrtn,  and  sometimea  a 
meningeal  vein  coming  from  the  spbeno-temporal  fi>ssa.^ 

Liuehla^  expresses  the  relation  of  the  ophthalmic  vein  to  the 
cavernous  sinus,  in  these  words:  "The  anterior  smaller  end  of  the 
sinus  cavernosoa  which  was  formerly  called  the  oplithalmic  einu^t 
represents  the  eidarged  end  of  the  ophthtlmic  vtin  which  empties  into 
the  cavemoua  sinus,  interiorly  of  the  \erv.  oculo  motorius,  under  the 
anterior  clinoid  process." 

Uenie*  distinguishes  the  ojihthalmic  vein  into  the  vrna  npldJitUniica 
Aupfriiir — supraorbital  branch — and  the  vetui  ophthalmica  inferiov — 
infraorbital  branch,  and  of  the  former  he  says,  "  The  vaim  ophthalmica 
aaperior  eutorA  the  cranial  cavity  through  the  fissum  orbitalis  sujK'rior, 
near  the  origin  t)f  the  Musculua  rectus  oculi  superior,  aud  after 
becoming  enlarged,  it  terminates  in  the  cavcmotu^  sinus."  Of  the 
latter  he  says,  "  The  veuu  ophthalmica  inferior  passes  likewise  through 
the  iissnra  orbitalis  superior  into  the  cavernous  sinus,  or  into  the 
enlargement  of  the  vena  ophthalmica  superior.  Or,  aa  generally  seems 
to  be  the  rule,  it  leaves  the  orbit  through  the  fissura  orbitalis  inferiori 
turns  downwards  to  the  plexus  pterygoideua,  and  is  conjoined  with  the 
vena  t>phthatmica  superior  only  through  an  anastomosis."  Of  the  vena 
cetUralia  reti$ue  which  is  connected  with  the  ciliary  veins,  be  says, 
that  "instead  of  terminating  in  the  ophthalmic  vein  it  frequently 
opeiw  directly  into  llie  cuvenious  siuus." 

Lan^jfr,  who  made  oasts  by  corrosion  of  the  caveruouu  sinuses,  in 


»  "Op.  citftt.,*'  p.  250.  •  "Op.  ciUt.,"it,  p.  733. 

*  "Op.  citato"  iU.»  Abth.  2,  p.  151.      *  "  Op.  citat.."  Ui,,  Ahth.  I,  p.  342. 

*  Uculc  snya  here  n'ntM  trvavtvtrttiA ^  oviilently  by  inUuke  for  Wntu  caisriKMir*. 
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respect  to  the  original  formation  of  tbe  cavernous  sinuses,  showed  that 
in  children  they  constitute  venous  plexuses  or  nets,  which  in  time 
become  sinuous,  and  at  lo^t  by  confluence  present  those  lacunao,  in 
which  form  the  sinuses  are  usually  presented  in  the  text-books.  The 
cavernous  sinus,  according  to  him,  originally  consists  of  two  nets,  a 
anperficial  and  a  deeper  one.  Concerning  the  origin  of  this  deeper 
net  from  the  ophthalmic  vein,  he  says,  "  Underneath  the  sapcrficiol, 
more  delicate  net,  there  is  another,  which  consists  of  larger  vessels, 
and  is  attached  immediately  to  the  bone.  The  ophthalmic  veins,  and 
generally  also  the  spheno-parietal  sinns,  npon  their  arrival,  enter  into 
this  latter  net,  and  the  departing  larger  veins,  whether  they  bear  the 
character  of  anastomoses,  emissaria,  or  sinuses,  proceed  from  it.  This 
lower,  grosser  net  oonstitntes  the  sinus  cavernosas  proper,  which, 
therefore,  in  harmony  with  its  original  form,  may  be  defined  as  a 
*  plexus  caveniosus.'  By  a  removal  of  the  upper,  more  delicate  not, 
or  also  by  an  examination  of  that  lower  side  of  a  cast  of  the  sinus 
which  is  turned  towards  the  bone,  it  becomes  evident  that  the  little 
trunks  of  the  ophthalmic  voina,  whether  they  be  single  or  double, 
immediately  after  their  passage  through  the  inner  [mrt  of  the 
sphenoidal  fissure  become  ramified,  and  in  this  divided  form  enter  the 
plexus  cavcmosus.  The  roots  of  the  departing  veins  usually  proceed 
from  this  plexus  in  such  a  way  that  they  are  recognised  as  the 
immediate  successions  of  the  branches  or  twigs  of  the  ophthalmic 
veins,  which  may  be  traced  directly  not  only  into  the  plexus  which 
encompasses  the  pituitary  gland,  but  also  into  the  emissary  vessel  of 
the  foramen  ovale,  as  well  as  into  the  inferior  petrosal  sinns.  .  .  . 

"  In  respect  to  the  ophthalmic  veins,  it  must  be  mentioned  here, 
that  after  all  tteir  formatory  branches  have  been  united  into  one 
trunk,  that  trunk  indeed  is  of  considerable  size,  yet  without  becoming 
enlarged  into  a  ainos.  .  .  .  Still,  not  all  veins  coming  from  the  eye 
unite  in  one  stem ;  not  unfretjueutly  there  are  two,  or  even  three 
stems,  all  of  which  become  ramified,  and  enter  into  the  formation  of 
the  cavernous  net.  A  noteworthy  object  here  is  a  net  or  rete  which, 
I  believe,  has  not  been  described  before.  It  is  formed  of  two  of  the 
root-branches  of  tbe  ophthalmic  vein,  and  is  situated  along  the  orbital 
extent  of  the  ala  magna  of  the  sphenoid  bone.  I  met  with  it  in  two 
successful  casts  of  the  cavernous  sinuses  of  recently-born  infants,  and 
in  a  very  well  injected  head  of  a  child  two  years  old.  It  consists  of 
robust  little  tubes  which  depart  from  the  roots  of  the  ophthalmic  veiii 
and  which  are  woven  into  close  meshes.  It  extends  in  an  anterior 
direction,  where  the  tubes  gradually  become  more  slender,  and  the 
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xneshes  looser.  Posteriorly,  it  exteuds  as  far  as  the  spbenoidal  fissures, 
and  is  connected  there  with  the  veiits  of  the  fissum  pterygo-palatina, 
which  are  likewise  woven  into  a  plexufi.  By  this  means  the  whole 
complex  of  the  veins  of  the  orbit  and  the  cavernous  sious  is  connected 
with  the  nasal  veins"  {ioz.  city  pp.  311,  312). 

It  will  be  observed  here  that,  according  to  Langer'a  experience,  the 
ophthalmic  veins,  and  hence  the  veins  which  chiefly  enter  into  the 
formation  of  the  cavernous  sinua,  were  distinctly  traced  by  hiui  into 
the  emissary  vein  of  the  foramen  ovale,  and  into  the  inferior  petrosal 
sinus — and  hence  into  those  vessels  which,  according  to  Swedeuborg. 
carry  off  the  grosser  venous  blood  of  the  cavernous  sinua.  He  als«» 
traced  a  continuation  of  the  ophthalmic  vein  into  the  circular  sinus 
(concerning  which  see  above,  no.  C2I«),  but  not  into  the  superior 
petrosal  sinus,  which,  according  to  Swedeuborg,  is  charged  with  the 
conveyance  of  the  spirituous  lymph  of  the  Jir«<  degree,  and  jwirtly  also 
with  that  of  the  second  degree  from  the  pituitary  gland  into  the 
jugular  vein.  But  from  this  it  follows  that  the  secretion  of  the 
pituitary  gland  which  is  intended  for  the  superior  petrosal  sinus, 
although  it  is  diacharged  into  the  posterior  end  of  the  cavernous  sinus, 
is  in  a  manner  outside  of  the  cavernous  sinus  proper ;  that,  tlierefore, 
thb  secretion  does  not  mix  generally  with  the  contents  of  the  above 
ainus  which  are  derived  from  the  ophthalmic  vein  and  the  spheno- 
parietal sinus,  but  hastens  at  once  towards  the  superior  pctroaat  sinus 
— even  as  it  is  declared  by  Hwedenborg  himself. 

47.  In  addition  to  the  threo  sources  thus  far  mentioned,  by  which 
the  cavemoua  ainusea  receive  their  supply  of  venous  bIo*>d ;  uamoly,  1, 
the  ophthalmic  vein  ;  2,  tho  spheno-parietal  sinus ;  and  3,  the  vena 
cerebri  motiiu  which  opens  either  directly  into  the  cavernous  sinus,  or 
enters  first  into  the  spi»eno-i>arietal  sinua — a  few  other  sources  of 
venous  blood  are  mentioned  by  some  authors. 

So  I/cnif '  says,  that  "  the  cavernous  sinuses  receive  a  series  of 
venous  stems  from  the  tentorium;"  while  Knotl^  calls  our  attention 
to  the  inferior  $phrnoid<d  tiuug  in  these  words :  "  Another  inconstant 
vein,  whicli  liofl  yi  the  dura  mater  on  the  inner  surface  of  the  great 
wing  of  tho  sphenoid  bone,  has  been  described  by  Sir  Charles  Bell, 
some  other  anatomists,  as  the  inferior  sphenoidal  sinus.  I  have 
"found  this  vessel  twenty-three  times  in  forty-four  subjects;  fourteen 
occurring  on  the  right  side,  and  uine  on  the  left.'' 

Sir  Chnrlts  Bfll*  s]>eaka  of  this  stnus  in  the  following  terms :  "  Thi 

'  "Op.  cltat.."  p.  S38.  »  *'  Op.  citat,,"  p.  lUu 

»  "Op.  oitat./*p.  427. 
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infet'ior  sphenoidal  $inu$  is  very  irregular  and  inconstant.  It  is  in  the 
dura  mater  covering  the  great  wing  of  the  sphenoid  bone :  the  blood 
is  emptied  into  the  cnveruous  sinus,  or  escapes  by  emijisaria  into  Uie 
trunk  of  the  temporal  vein." 

48.  If  now  we  take  a  survey  of  all  the  facts  which  have  tlius  far 
been  established  in  respect  to  the  cavernous  sinuses,  it  appears  :  tkat 
into  the  pofitorior  extremities  of  these  sinuses  there  are  discharged 
from  the  pituitary  gland  the  liquids  most  highly  charged  wilb 
spirituous  lymph ;  namely,  1,  the  fluid  of  the  Jirsl  order,  through  tbo 
circular  sinus;  2,  on  arterial  blood  enriched  with  the  fluid  of  tho 
<f(ron<i  order,  through  the  anterior  occipital  or  transverse  sinus;  and, 
3,  the  fluid  of  the  third  order,  which  is  a  grosser  serum,  through  the 
posterior  receptacle  of  tlio  sella.  Further,  that  a  liquid  of  a  middle 
kind,  namely,  au  arterial  blood  not  much  deprived  of  spirit,  is  dis- 
charged from  the  pituitary  gland,  at  a  middle  distance  between  the 
anterior  and  posterior  clinoid  processes,  through  the  inferior  transvorve 
or  intercavernous  sinus.  And  lastly,  that  at  the  anterior  extremities 
of  the  cavernous  sinuses  there  pours  into  them,  1,  meningeal  bloody 
through  tho  spheno-pariotal  and  the  inferior  sphenoidal  sinuses;  2^ 
venous  blood  from  the  interior  of  the  brain,  through  the  middle 
cerebral  vein;  and  3,  venous  blood  from  the  exterior  parts  of  the 
head,  namely,  the  orbits,  through  the  ophthalmic  vein. 

It  appears  also  that  tho  more  spirituous  blood  is  discharged  into  the 
upper  ^nirt  of  the  cavernous  sinuses,  while  the  more  sluggish,  venous 
blood  enters  more  at  the  bottom. 

This  arrangement  is  evidently  for  the  purpose  that  the  variooa 
kinds  of  blood,  namely,  those  which  are  highly  enriched  with  spirit 
and  those  which  are  conii>arutivcly  exhausted  and  effete  shall  not  be 
mixed  promiscuously  in  the  cavernous  sinuses.  This  arrangement^  in 
tho  light  of  Langer'ti  experience,  would  apply  to  the  cavernous  sinuses 
in  the  heads  of  adults,  after  the  original  venous  plexuses  of  childhood, 
by  confllueuce,  have  assumed  the  form  of  extended  lacuuiv.  In  infancy, 
however,  a  portion  of  the  cavernous  plexus,  and  thus  some  of  its 
nieshes,  would  serve  for  the  conveyance  nf  the  contents  of  the  circular 
sinus  to  the  superior  petrosal  sinus,  while  another  portion  of  the 
plexus  would  carry  the  contents  of  tho  ophthalmic  veins  and  of  the 
spbeno-parietal  sinus  to  the  inferior  petrosal  sinus,  and  to  the  other 
emissaria  of  the  cavernous  sinus. 

In  order  to  prevent  such  a  commingling  of  essences,  the  oavemona 
ainoses,  in  adult  heads  also,  do  not  present  a  smooth  surface  in  their 
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^t©rior,  but  are  intersected  and  interlarded  by  membranous  ligaments 
trabeculta 

S(fmmrrin(fK^  description  of  the  interior  of  the  cavernous  sinusea  [in 
adult  subjecta]  ia  as  follows;  "The  entire  cavity  of  the  caTcmoos 
sinii3  actjuirea  a  cellular  appearance  from  the  fact  of  numeroua  fibrous 
and  filamentous  cords  being  stretched  out  in  it."  Sir  CharUa  Bdl^ 
■ajrs,  "The  cavernous  sinus  is  irregular,  having  fibrous  cords  traversing 
it,  which  gives  it  a  kind  of  cellular  appeanince.  It  is  like  the 
diseased  parts  into  which  blood  has  been  driven,  till  the  cellular 
texture  has  been  distended  and  partly  destroyed." 

Lnfhka^  explains  the  interior  arrangement  of  the  cavernous  ainusea 
in  this  vpise,  "This  venous  space  is  crossed  by  a  delicate  system  of 
trabecule,  by  which  the  sinus  is  broken  up  into  compartments.  The 
component  parts  of  this  trabecular  system — in  which  are  enclosed  partly 
arterial  vessels  and  partly  nervous  fibres  of  the  sympathetic  nerve — 
consists  of  cellular  fibrils  and  elastic  fibrils." 

If  now  WB  bear  in  mind  this  intf^mal  arrangement  of  the  cavernous 
fiinuaea,  we  are  able  to  see  how  the  spirituous  lymph  of  the  circular 
ainus  may  be  absorbed  at  once  by  the  superior  petrosal  sinuses,  before 
becoming  mixed  with  the  general  contents  of  the  cavernous  sinuses. 
Also,  how  the  blood  enriched  with  spirituous  lymph  which  collects  in 
the  anterior  occipital  or  transverse  sinus  out  of  the  interior  of  the 
sphenoid  bone,  and  which  ia  discharged  thence  into  the  posterior 
extremities  of  the  cavernous  sinuses,  may  likewise  be  absorbed  by  the 
8U]>eriur  and  inferior  petrosal  sinuses  without  spreading  through  the 
general  contents  of  the  cavernous  sinuses.  Besides,  it  must  be 
remembered  that  the  flux  of  the  blood  in  the  cavernous  sinuses 
is  in  an  antero-pusterior  direction,  so  that  not  only  the  trabecular 
arrangement  of  these  sinuses  in  the  adult  head,  but  also  the  very 
stream  of  blood  in  the  same,  is  opposed  to  a  general  difi'usion  of 
the  contents  of  the  anterior  occipital  sinus  through  the  cavernous 
sinuses.  The  same  applies  to  the  grosser  serum — the  fluid  of  the 
third  onier — which  is  discharged  into  the  cavernous  sinus  out  of  the 
posterior  receptacle  uf  the  sella.  This  serum,  also,  compared  with  the 
exhausted  and  effete  venous  blood  which  is  poured  into  the  cavernous 
sinus  from  the  middle  cerebral  vein,  is  comparatively  rich  in  spirit ; 
for,  according  to  SweHcnborg,  it  contains  a  considerable  amount  of 
nervous  juice — cerebro-epinal  liquid ;  this  serum  therefore  follows  the 
general  course  of  all  those  fluids   which  are   discharged  from  the 

»  '•  Op.  «Ut,**  p.  272.  "  •*  Op.  ciUt.,"  p.  429. 
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plCaiUi7  glaotl,  aud  nubes  at  once  into  the  inferior  petrosal  ainttse«v 
in  order  to  be  conveyed  through  these  rhaiineln  bj  the  daortest 
poaatble  way  into  the  jugular  rein. 

The  only  liquid  of  a  better  natare  which  becomes  thoroughly  mixed 
with  the  venous  blood  which  enters  through  the  anterior  eztreniity  of 
the  cavernous  6inu«,  ia  the  arterial  blood  from  the  pituitary  gland, 
which  pour%  Into  the  civernooB  sinu^  through  the  inferior  transverse 
or  intercavernoua  sinoj.  This  blood  eutera  the  cavemoua  Binuses 
about  the  middle,  and  on  account  of  the  interior  cellular  arrangement 
of  these  sinuiee,  in  the  adult,  it  cannot  ru^b  at  once  into  either  of  tho 
petrosal  ainuaes;  but  undergoes  finit  a  thorough  mixture  with  venous 
blood,  and  then  follows  in  the  direction  of  the  carotid  artery,  which  ia 
Htretched  out  at  the  bottom  of  each  of  the  cavernous  sinuses,  and  along 
that  artery  it  pursues  its  way  into  the  interior  of  the  carotid  canal, 
where  it  formj;  a  venous  sinus  around  the  arterial  vessel,  and  througki 
that  venous  sinos  it  is  conveyed  outside  of  the  cranium. 

This  same  bluod  aW)  constitutes  one  of  the  supplies  of  the  canal 
of  Tabarruui ;  for,  according  to  £ngli>tch  and  Trolard,  this  canal  com- 
municates with  the  cavernous  sinus,  either  directly,  between  the 
curutid  artery  and  tbo  side  of  the  sphenoid  bone,  or  else  indirectly 
through  tbe  carotid  sinus. 

In  the  infantile  head,  however,  the  arterial  blood  of  the  pituitary 
gland  would  be  convoyed  from  Uie  inferior  trunsverse  or  intercavernous 
sinus  of  the  pituitary  gland  into  special  meshes  of  the  cavenious 
plexus,  and  after  mixing  there  thoroughly  with  venous  blood,  it  would 
bo  conveyed  into  tbe  carotid  plexus  or  8iuu8  which  encompasses  the 
carotid  in  the  carotid  canal. 

49.  This  briiigit  us  to  tlie  consideratiun  uf  the  emissary  vessels 
through  which,  according  to  Swedenborg — see  above,  i\o,  W — the 
more  sluggish  venous  blood  is  carried  away  from  the  cavernous 
einuses.  The  most  inipr»rtant  of  these  entis^ry  vessels  is  the  carotu> 
Bii4ua  which  has  jusl  been  meutiuuod,  aud  which  was  iirst  described 
by  Sanli^ni^  in  1724,  in  the  following  words:  "While  the  carotids 
are  in  their  osseous  cave,  ready  to  emerge  tuwarda  the  sides  uf  the 
pituitary  gland,  they  do  uot  adhere  closely  either  to  the  oiiseoas  wail, 
or  to  the  surrounding  mentnxT  but  repose  su  loosely  on  the  dura  mater 
which  IB  utrtjlched  out  around  them,  that  a  by  no  means  inconsidor- 
ablo  space  iuturveucs  between  tltciu  and  the  dura  mater.  And  this  \a 
the  case  not  only  near  their  outlet,  but  also  at  such  a  coniidemble 


'  Santoriol  <J.  D.).    **  Olwcrvationu  AiwUtmicii?."    Vonioe,  1724,  p.  73. 
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distaace  into  the  iuterior  of  the  bone,  that  there  results  thence  a  kiud 
of  lanneL  The  dura  mator  again  is  not  only  situated  at  some 
distance  from  the  artery,  but  also  from  the  osseous  cave  by  which  it 
is  QUcUtseU,  80  that  if  it  were  possible  for  the  dura  mater  to  contract 
and  to  curl  up,  this  might  be  effected  here  most  easily,  and  most 
conveniently.  By  the  sublime  design  of  our  AU-Wiso  Creator,  it  was 
thus  provided  that  the  carotid  arteries  should  not  adhere  to  the 
surface  of  the  bono,  not  only  for  this  reason,  that  by  this  means  they 
should  never  be  prevented  from  displaying  the  activity  necessary  for 
propelling  the  bloody  but  also  that  the  same  power  and  force  might  be 
applied  in  a  certain  measuro  both  to  the  inflowing  and  the  outflowing 
blood.  Now,  since  the  blood  which  is  in  the  cavernous  sinuses  must 
necessarily  descend  into  what  may  be  called  the  fuimel  formed  by  the 
osaeous  cave  of  the  carotid,  it  cannot  help  being  urged  forward  and 
propelled,  whenever  the  sides  of  the  artery  are  dilated;  and  thus  it 
must  needs  be  that  the  blood  actuated  by  this  motion  should  exert  a 
similar  urging  and  propelling  motion  upon  the  remaining  blood  which 
is  in  tho  ncighbtnirhood  of  these  places,  and  that  by  this  motion 
should  provide  for  itself  an  outlet  out  of  the  cavernous  sinus  either 
ough  the  neighbouring  sinuses,  or  through  the  remaining  emissaries." 
Tabttn-anC^  speaks  of  this  sinus  in  the  following  words :  "Nature 
has  provided  ^around  the  carotid,  in  ita  osseous  canal,  a  funnel-like 
arrangement,  wliich,  to  my  knowledge,  has  been  hitherto  described 
only  by  Santorini."  He  speaks  of  this  "funnel-like  arrangement 
around  the  carotid,"  in  the  neighbourhood  nf  tho  cavernous  sinuses, 
as  fumi>4hing  the  initial  point  nf  an  emifuary  canal  whereby  said 
sinuses  communicate  with  the  pterygoid  plexus.  This  emissary  canal 
will  be  referred  to  again  beluw, 

//fi//fr  *  also  mentions  at  lea.U  a  partial  venous  sinus  around  tho 
carotid;  for  he  says,  "The  blood  of  the  cavernous  sinuses  follows  the 
carotid  through  its  entire  first  curve." 

The  knowledge  of  tho  carotid  sinus,  which  had  become  lost  in  the 
course  of  time,  was  revived  again  in  our  own  days  by  EektortUc,^ 
He  says,  *'  If  yim  examine  tho  jwuterior  extremity  of  the  cavemuuti 
sinus — the  point  of  the  apex  uf  tho  petrous  bone — which,  in  all 
anatomical  treatises,  is  described  alike,  you  will  not  meet  there  with  a 


>  Tftharrani  (P.).     **  ObMrrationM  unvtomioa*,"  9  xix.,  p.  39. 

»  •'Op.  citat.,"  iv.,  p.  laJ. 

*  Rokturxik  (Dr.  K.).  "Ueber  <1ilb  Vorkomuiea  einoa  Stnni  venosus  bn 
Canalift  carotictis  iIim  Mcnuctieu."  *'  In  SitziingDberichtc,  etc.,  der  mathema- 
tiaoh — nfttut-wiraciischQitlichcu  C'lauc,"  B<U  xxxii.     Wieu,  18i>8. 
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membrane  wliereby  the  sinus  is  completely  blocked  np,  but  you  will 
notice  tliere  openings  out  of  which  venous  blood  trickles.  This  blood 
cornea  forth  out  of  those  spaces  or  lacuuse  whereby  the  cerebral 
carotid  is  surrounded  in  the  carotid  canal.  In  order  to  obtain  a  good 
view  of  this  system  of  lacun?e  in  the  carotid  canal,  you  require  to 
remove  the  upper  wall  of  this  canal,  which  corresponds  with  the 
anterior  inner  surface  of  the  apex  of  the  petrous  bone.  If,  for  thia 
purpose,  you  select  a  cranium,  the  sinuses  of  which  abound  with  blood, 
that  blood  will  theu  be  found  oozing  furtli  in  considerable  quantity." 
After  describing  the  conditions  of  the  dura  mater  in  and  about  the 
carotid  canal,  Rektorzik  continues,  "  On  the  basis  of  the  facts  which 
are  here  detailed  respecting  the  dura  mater  and  its  relation  to  the 
ofiseoos  carotid  canal  and  the  cerebral  carotid,  I  am  justified  in 
assuming,  in  the  carotid  canal,  the  existence  of  an  irregular  cavity, 
which,  through  trabecule,  is  divided  into  small  compartments ;  and, 
because  this  cavity  la  enclosed  by  dura  mater  and  carries  venous 
blood,  it  deserves  the  name  of  a  sinus  of  that  membrane.  The 
internal  carotid,  therefore,  is  not  attached  everywhere  firmly  to  the 
walls  of  the  carotid  canal,  as  has  been  hitherto  assumed,  but  it  is 
separated  from  its  walls  by  venous  blood,  even  as  ia  the  case  with  the 
carotid  in  the  cavernous  sinus.  In  resi>ect  to  the  size  of  that  siotis, 
it  is  naturally  larger  or  smaller,  like  that  of  the  cavernous  sinos, 
according  as  the  cerebral  carotid  is  either  expanded  or  contrected. 
During  the  diastole  of  this  vessel,  consequently,  the  sinus  will  decrease 
in  size,  and  during  its  systole  it  will  increase.  The  width  of  the 
sinus  also  varies,  according  as  it  is  examined  nearer  to  the  entrance  of 
the  carotid  canal,  or  nearer  its  outlet  into  the  cavernous  sinus.  It 
increases  in  size  the  nearer  it  approaches  to  this  latter  sinus ;  and  in 
harmony  therewith  I  find  that  the  carotid  canal,  at  its  entrance  into 
the  temporal  bone,  ia  narrower,  and  that  it  enlarges  gradually,  until  at 
last  it  terminates  in  a  wide  and  long  fissure.  Wlience  does  that  sinua 
derive  its  blood)  The  answer  is  near  at  hand;  namely,  it  derives 
some  of  ita  blood  from  the  cavernous  sinus,  with  which  it  is  directly 
conjoined.  In  addition  to  this  copious  source,  it  has  another  source 
besides,  although  it  is  considerably  smaller.  This  latter  source  ia  doe 
to  the  existence  of  several  osseous  veins  in  the  [petrous  bone,  which 
terminate  in  the  carotid  sinus,  the  orifices  of  which  become  vtsiblo  in 
the  internal  surface  of  the  sinus,  when  it  is  slit  open.  The  blood 
which  from  these  scmix-es  is  conveyed  into  the  venous  sinus,  is  ciirried 
off  by  proportionally  small  veins,  which,  commencing  at  o  variable 
dietanco  from  the  entrance  of  tlie  carotid  canal,  ara  situated  und«r  the 
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advcntitia  of  the  carotid,  and  wbicli,  in  the  form  of  a  wide-meshed  net^ 
engird  the  artery.  These  little  veiiis  gradually  unite  into  one  or  several 
stems,  which  empty  their  contents  directly  into  the  external  jugularvein." 

Tlie  carotid  canal,  on  the  lines  of  Rektontik's  description,  ia 
discussed  in  the  text-booka  of  Luschka  and  Ilenle.  Trolard^  who 
made  an  independent  examination  of  this  sinus,  gives  the  following 
description  of  it :  '*  The  carotid  is  well  bathed  in  venous  blood  before 
plunging  into  the  cavernous  sinxis,  and  this  venous  blood  is  furnished 
to  it  by  that  sinus.  It  is  carried  off  by  the  lower  petro-occipital  sinus 
— the  canal  of  Tabarrani, — and  by  one  or  two  little  veins  which  come 
from  the  vein  of  the  foramen  ovale,  or  from  the  meningeal  veins. 
These  httle  veins  open  into  the  carutid  canal  by  the  anterior  wall  of 
this  canalj  which  is  most  frequently  wanting,  and  which  in  this  case 
is  replaced  by  a  iibroua  membrane.  The  venous  blood  circulates 
ikround  the  carotid  in  little  areolae  \  wherefore  a  real  sinus  is  there, 

ich  may  be  called  the  airoiid  glnu/t.*' 

By  making  a  resinous  injection  of  the  cavernous  sinus,  and  afterwards 
corroding  its  membraneous  parts,  Lander  obtained  a  clear  view  of  the 
carotid  sinos.  His  statement  ia  as  follows :  "  The  fact  of  the 
carotid  being  accompanied  by  a  small  vein  through  its  osseous  canal 
in  the  temporal  bone,  was  known  already  to  Burdnch  ("  Gohirn,"  ii., 
p.  ISl),  but  Rektorxik  has  Urst  proved  that  the  artery  is  encircled  by 
a  venous  plexus.  This  pUxU9  veno$H$  caroticua  originates  likewise 
from  the  cavernous  sinus ;  in  the  foramen  lacerum  it  forms  a  kind  of 
funnel,  and  then  encloses  the  carotid  in  a  tube-like  form.  By  means 
of  a  small  venous  stem  it  is  connected  with  the  jugular  vein.  .  .  . 
This  plexus  is  thus,  in  a  certain  sense,  a  continuation  of  the  cavernous 

us"  (he.  cU.,  p.  314). 

According  to  Kektorzik,  the  carotid  sinus  empties  its  contents, 
through  liltle  veins,  into  the  external  jugular  vein.  Trolard,  however, 
without  gainsaying  Rektorzik's  statement,  describes  the  "lower  petro- 
occipital  sinus  " — the  canal  of  Tabarrani — as  an  emissary  vein  of  the 
carotid  sinus;  and  herein  is  supported  by  Dr.  Eiiglisch,  who  declares 
that  said  canal  originates  either  in  the  posterior  extremity  of  the 
cavernous  sinus,  or  iu  the  carotid  sinus.  Trolard  also  mentions  "one 
or  two  little  veins  which  come  from  the  foramen  ovale,  or  from  the 
meningeal  veins,"  as  outlets  of  the  carotid  sinus. 

The  vein  of  the  foninien  ovale,  which  we  shall  discuss  presently, 
leads  from  the  lower  part  of  the  cavernous  sinus  into  the  pterygoid 
plexus.  Wherefore  Trohird  niaintains  liere  that  the  carotid  sinus, 
>  "Op.  ciUt,'p.  2IU. 
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"through  one  or  two  little  veins  which  come  from  the  vein  of  the 
foramen  ovale/'  discharges  a  portion  of  its  contents  into  the  pterygoid 
plexus. 

This  same  statement  was  made  by  Tohamtni^  aa  far  back  as  1743» 
in  the  following  words :  "  It  seems  to  me  that  in  addition  to  this  new 
sinus — the  canal  of  Tabarrani,  which  he  derives  exclusively  from  tho 
cavernous  sinuses — there  is  sti!!  another  little  canal  which  leada  out 
of  these  sinuses  close  by.  This  little  canal  does  not  begin  in  the 
cavity  of  the  cavernoua  sinuses,  but  has  its  beginning  a  little  further 
down,  exteriorly  oat  of  the  funnel -like  arrangement  around  the 
carotid;  which  arrangement  nature  contrived  around  the  carotid 
within  its  osseous  canal,  and  which,  to  my  knowledge,  has  liitherta 
been  described  only  by  Santorini.  The  little  canal  mentioned  above, 
on  passing  through  the  cranium,  terminates  in  that  vascular  plexus, 
or  in  that  cavernous  substance  which  id  spread  over  the  external 
pterygoid  muscle,  and  which  Santorini  described  aa  a  divcrticlo  of 
his  emissaria.  Thid  vascular  plexus  I  have  repeatedly  found  to  con- 
aist  of  shoots  of  the  external  jugular  vein." 

BeW^  also  speaks  of  **the  funnel  of  the  carotid  throa;,'h  which 
descends  a  vein — the  vena  sodalis  carotidLs — which  terminates  in  tlie 
pterygoid  plexus  of  veins." 

Aa  the  pterygoid  plexus  discharges  ite  contents  either  through  tho 
facial  vein  into  the  internal  jugular  vein,  as  this  latter  vessel  ap- 
proaches the  upi^er  part  of  the  neck,  or  through  the  internal  moxillaTy 
into  the  external  jugular  vein,  it  appears  that  a  great  portion  of  the 
blood  received  by  the  carotid  sinus  from  the  cavernous  sinuses  ia 
poured  either  into  the  external  jugular  vein,  or  into  the  internal 
jugular  vein  far  below  the  foramen  jugulare;  altbungh  some  of  it, 
according  to  Knglisch  and  Trolard,  is  also  received  by  the  canal  of 
Tabarrani. 

50.  The  venous  plexu.s  or  venous  sinus  which  intervenes  between 
the  carotid  and  its  osseous  wall,  besides  answering  the  purpose  of  an 
emiasary  vessel  of  tlie  cavernous  sinus,  aervee  also  an  impurtaut  uso 
in  helping  to  emancipate  the  carotid  blood  from  the  ruling  motion  of 
the  heart,  and  subjecting  the  some  to  the  movement  of  the  brain, 
which  id  in  harmony  with  the  respiratory  motion  of  the  lungr. 

Several  provisions,  according  to  Swedeuborg,  are  made  in  man  for 
the  purpose  of  checking  tlie  flow  of  the  cerebral  blood  in  obedience  Co 
the  aystnlttc  and  diastaltic  motion  of  the  heart:  (1)  the  carotid 
artery^  before  ontcring  the  cranitil  >  .hvity,  nia.ked  four  benda  or  fit^iur&s  ; 
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two  in  the  interior  of  the  bone,  in  the  carotid  canal,  and  two  in  the 
cavernous  ainus — by  these  bends  the  flow  of  the  blood  is  checked  and 
retarded  ;  (2)  **  As  »oon  as  the  carotid  artery  approaches  the  cranium," 
according  to  Swedenborg  (no.  387),  "  it  is  stripped  of  its  muscular 
coating  or  of  that  of  the  heart — an<l  the  heart  is  unable  tt>  act  ujwn 
any  part  which  lioa  beyond  the  continuity  of  its  own  muscle;"  and 
(3)  "it  is  furnished  with  a  meningeal  coating,  that  is,  with  one 
derived  from  the  membranes  of  the  brain;"  and  (4)  "afterwards  it 
ia  embraced  by  a  filamentous  covering  from  small  branches  of  the 
great  sympathetic  nerve."  (6)  "  Besides,  in  the  cavernous  sinuses 
this  artery  itself  becomes  swollen  into  a  sinus  and  increases  in  bulk, 
quite  contrary  to  what  is  customary  in  other  arteries,  which  decrease 
in  bulk  as  they  pursue  their  course."  In  most  of  the  animals,  bow- 
ever,  this  same  puq>ose  is  attained  by  a  breaking-up  of  the  carotid 
trunk  in  the  cavernous  sinus  into  a  large  number  of  small  vessels;, 
ch  are  woven  into  a  kind  of  net,  called  "rete  mirabUe"  (nos.  626- 
40f),  and  which  are  afterwards  re-united  in  one  trunk. 

Of  the  fivo  methods  resorted  to  in  man  for  the  purpose  of  emanci- 
pating the  cerebral  blood  from  the  motion  of  the  heart,  the  one  de- 
tailed under  no.  1  is  based  on  a  well-known  anatomical  fact,  according 
to  which  the  carotid  artery  before  ascending  into  the  brain  makes 
four  well-defined  curves  or  bends. 

The  second  and  third  methods,  according  to  which  the  carotid 
artery  on  approaching  the  cranium  "  is  stripped  of  its  muscnlar 
coating,  and  is  fnniiahed  instead  with  a  meningeal  coating  derived 
from  tho  membmnes  of  the  brain" — require  to  be  modified  somewhat, 
BO  far  as  the  facts  arc  concerned  on  which  they  are  based,  in  order  to 
make  them  agree  with  the  experience  of  modern  science.  Modem 
science  admits  that  the  coatings  of  the  internal  carotid,  on  entering 
the  cranium,  undergo  a  remarkable  change,  not  indcerl  by  losing 
their  muscular  coat  altogether,  but  by  becoming  thiu-ct.»ated.  Thus 
SGmmrrinff  *  says,  "The  arteries  of  the  brain  are  constructed  of  subtle 
membranes,  so  that  they  arc  thought  to  be  without  a  muscular  coating." 
And  Burtlachy^  '*  After  gaining  an  entrance  into  the  cranium,  the 
arteries  give  up  their  fibrous  sheath,  which  paries  over  into  the  fila- 


^  glimmering  (8.  Tb.}.  "Academic(eAnnotfttione«de  cerebri  Adminifltrationi- 
bne  anfttomicis,  vuonimqae  ejaa  babitu. "  In  **  Deakschriften  der  kuniglicben 
Akorlemie  dor  WisaenKohaftcn  zu  MUnchen,  fur  das  Jahr.  ISOS."  Munich, 
1800;  p.  64. 

'  Bunlach  (C.  P.)<  *'  Vom  Bftae  uod  Leben  dca  Gohimes.'*  Leipzig,  1822 ; 
Vol.  il,  p.  21. 
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nientous  coating  of  Uie  brain  ;  and,  in  corroapondenee  with  the  aphere 
to  which  thoy  henceforth  belong,  they  acquire  a  peculiiir  character, 
for,  .  .  .  together  with  their  annular,  muscular  fibres,  they  lise  every 
vestige  of  a  proper  or  independent  irritability  by  becoming  thin- 
eoated."  And  in  Quain^  we  read,  *'Some  arteries  want  sheathe,  fts 
those,  for  example,  which  are  situated  withiu  the  cavity  of  the 
cranium^"  and  again,  "Some  arteries  have  much  thinner  coats  than 
the  rest,  in  proportion  to  their  calibre.  This  ia  atrikingly  the  case 
with  thofte  contained  withiu  the  cavity  of  the  cranium  and  ia  the 
vertebral  canal ;  the  difference  depends  on  the  external  and  middJe 
coats,  which  in  the  veaaela  referred  to  are  thinner  than  elsewhere." 

Aa  to  the  carotid  on  **  approaching  the  cranium  being  funiisbed 
with  a  coat  of  dura  mater,"  thin,  according  to  Swedenborg,  tokoa  plitce 
in  the  carotid  canal,  which  is  lined  with  dura  mater.  Ou  this  subject 
we  read  in  Cruveilhier,-  *'  A  very  thin,  fibroua  lamina,  a  prolongation 
of  the  dura  luater  separates  the  vcsiiel  from  the  bony  walU  of  tho 
carotid  canal."  But  as  to  the  continuation  of  this  lamiiUL  around  th« 
carotid  after  its  entrance  into  the  cavernous  sinus,  he  says,  *'  It  is 
Buid  that  tbe  artery  is  not  bathed  in  the  blood  contained  in  tho  sinus, 
but  is  protected  from  it  by  a  very  thin  layer  of  membrane,  continuous 
with  the  internal  coat  of  the  veins.  However  careful  I  may  have 
been,  I  have  never  succeeded  in  separating  this  membrane."  Other 
anatomists,  however,  ore  very  positive  as  to  the  existence  of  such  a 
membrane  j  so  Lanffer  says  that  he  *'  agrees  with  Sappey  oa  to  tbe 
existence  of  such  an  odscititious  coating  of  the  carotid  during  its  stay 
in  tbe  cavernous  sinus^a"  (loc.  W/.). 

On  tho  subject  of  the  attachment  of  the  carotid  in  the  carotid 
canal  to  the  dural  lining  of  the  same,  Summering  says,  "It  is  most 
worthy  of  our  attention,  tliat  the  four  trunks  of  the  arteries  of  the 
brain — namely,  the  two  carotid  and  the  two  vertebral  arteriea — 
approach  the  brain  through  bony  canahi,  so  that  in  those  pl.ices  they 
are  found  altogether  incapable  of  going  through  their  process  of  €on* 
traction  and  dilatation,  which  is  called  syfltule  and  diHst4j]o.  For  tho 
contraction  is  prevented  through  tho  close  culjusion  of  the  artery  with 
the  periosteum ;  its  dilatation,  however,  by  the  rigid  substance  uf  tho 
bone,  void  of  elasticity.  By  this  means  it  is  pn»vided  that  thi;  $tr««ni 
of  blood  shall  reacli  the  encephidon  ntit  by  starts,  but  altogethar 
equably"  (/oc  cit). 

'  Qnaln.     **£l«mentB  of  Anatomy.*'    Kigbtb  Edition.     London,  1876}  VoL 
ii.,  pp.  160,  170. 
»  CruvoUbicr  (J.).     "  D«ei:ripUT«  Anstoniy."    London,  1842 ;  IL,  p.  A9d. 
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Sommering's  Tiew.of  the  attachment  of  the  carotid  to  the  periosteum 
of  the  carotid  caiial,  is  disproved  through  the  discovery  of  the  venous 
plexus  or  einus  caroticus  by  vrhich  th(^  carotid  is  cDcompossed  in  its 
bony  cavity,  and  which  we  are  now  considering.  But  the  same  result 
vrhich,  according  tu  his  theory,  is  obtained  by  the  attachment  of  the 
carotid  to  the  periosteum  of  the  carotid  canal — namely,  tliat  "the 
Ktream  of  blood  reached  the  encephalou,  not  by  starta,  but  altogether 
equably  " — is  produced  by  the  passage  of  this  vessel  through  a  plexus 
of  venous  vessels,  in  which  the  blood  is  propelled  in  the  intervals  of 
the  respiratory  motion  of  the  brain.  That  this  onimatory  or  respiratory 
motion  prevails  in  the  venous  sinuses  of  the  brain,  was  proved  experi- 
mentally by  Key  and  Uetzius  (see  above,  Vol  I,  p.  301,  ti  scq.). 

The  facta  of  the  case,  therefore,  ara,  that  as  the  carotid  approaches 
the  cranial  cavity,  the  motion  imparted  to  the  blood  by  the  heart 
becomes  slackened  and  neutralised,  not  only  through  the  curves  in  the 
carotid  cana],  against  vrhich  the  arterial  current  impinges,  but  also 
through  this  circumstance  that  the  blooii  in  the  venous  siaa^  or  plexus 
which  embraces  the  artery  in  the  carotid  canal,  runs  in  an  opposite 
directiun  to  the  current  in  the  carotid  artery,  and,  indeed,  in  the 
intervals  of  the  respiratory  motion  of  the  brain.  Thb  counter-impetus 
of  the  venous  blood  in  the  carotid  canal  exerts  a  similar  effect  on  the 
movement  of  the  blood  in  the  carotid  artery,  which  the  backing  of  the 
oara  has  on  the  motion  of  a  boat  in  the  water — it  stops  it.  Here  also 
it  must  be  borne  in  mind,  that  the  middle  coating  of  the  artery, 
according  to  Burdach,  is  beginning  to  lose  its  muscuhir  rings,  and 
thereby  "  its  proper  and  independent  irritability,"  so  that  the  vessel  is 
no  longer  able  to  ulTer  a  firm  resistance  to  the  active  pressure  of  the 
venous  sinus  without. 

This,  then,  seems  to  be  one  of  the  important  uses  of  the  carotid 
aious,  or  rather  plexus,  and  this  same  use,  namely,  that  of  sbckenlng 
the  speed  of  the  blood  in  the  carotid  artery,  is  continued  during  the 
stay  of  that  artery  in  the  cavernous  sinus.  Fur,  as  Swedenborg 
obaerveSi  ''in  the  cavernous  sinus  the  carotid  artery  becomes  swollen 
into  a  sinus,  and  increases  in  bulk,  quite  contrary  to  what  is  customary 
in  other  arteries,  which  decrease  in  bulk  as  they  pursue  their  course," 
— but  such  a  widening  in  the  caliber  of  the  artery  would  naturally 
slacken  the  speed  of  its  current  This  statement,  which  Swedenborg 
makes  on  the  strength  uf  AVepfer'n  declaration  (see  above,  Vol.  i.,  p; 
3!W),  Ls  corroborated  by  Portal,  who  speaks  of  *'  a  frequent  enlargement 
of  tlie  arteries"  on  their  entrance  into  the  brain  (see  footnote  above 
on  p,  201). 
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The  motion  of  the  blood  in  the  carotid  arteries,  however,  ia  not  only 
slackened  and  retarded  at  the  entrance  of  these  vessebi  into  the 
cranial  cavity,  but  the  intervals  of  this  motion  are  also  gradually 
made  to  keep  puce  with  tlioso  of  the  motion  of  the  brain  and  of  the 
nervous  system  in  general  This  is  brought  about  by  the  arteries  in 
the  cavernous  sinus  being  invested  with  a  dense  net  of  nervous  fibres 
from  the  great  sympathetic  nerve.  By  these  fibres  the  cardiac  motion 
of  the  carotids  is  thoroughly  coerced  and  subdued,  and  by  these  fibreft 
also  the  animatory  motion  of  the  brain  is  imparted  to  these  vessels, 

A  similar  effect,  according  to  Swedenborg,  is  exerted  by  the  fibres 
of  the  sympatlietic  nerve  on  the  arterial  shoots  into  ^'hich  the  carotids 
are  resolved  iu  those  animals  which  have  a  *'  rete  mirabile."  On  this 
subject  he  says,  "  As  soon  as  the  carotids  in  these  animals  enter  the 
cranial  cavity  under  the  posterior  clinoid  processes,  they  are  almost 
entirely  broken  up  into  small  branches,  with  the  exception  of  a  small 
canal  which  continues  its  wny,  and  with  which  the  other  small 
branches  again  become  united  before  it  ascends  into  t-he  brain. 
Fibres  of  the  great  sympathetic  nerve  embrace  the  carotids,  and  from 
their  trunks  are  transferred  altogether  to  their  arterial  shoots;  and 
these  shoots  they  follow,  so  that  if  the  nerve  is  unnble  to  crnirce  the 
carotid  trunk  as  a  whole^  it  is  able  to  subdue  its  individual  parts  and 
branches.  And  the  nerve  does  not  allow  these  branches  to  rejoin  the 
small  trunk  which  is  left^  until  the  intervals  of  their  motion  arc  re- 
duced into  harmony  with  the  motion  of  the  nerve  it«elf  "  (no.  64(y). 

Concerning  the  fibrcH  which  compose  the  cavernous  plexus  of  ths 
great  sympathetic  nerve,  we  read  in  Sappey}  "The  cavcmona  plexus 
is  made  up  of  soft,  reddish  threads,  which  spread  over  the  internal 
carotid  during  its  pessage  through  the  cavernous  sinus.  lutcrwovon 
with,  and  anast^imosing  among,  one  another,  they  envelop  the  arterial 
trunk  on  all  sides.  Nevertheless,  it  is  chiefly  on  its  external  side 
that  the  jrreatest  number  of  these  nervous  thrciids  are  found.  Tb 
fibres  decussate  in  various  ways  with  small  thread-like  arteries  which 
are  equally  numerous,  and  whicli  depart  out  of  the  same  tratik. 
Hence  the  name  *arterioso  -  nervous  plexus'  with  which  Walthefi 
designates  collectively  these  diverge  filaments."  These  iienront 
plexuses  seem  to  attend  even  the  larger  branches  of  the  cerebral 
carotid.     So   HnUr^   says,  "From    the   plexus   cavomosns  proceed 

1  Happ«y  (Ph.  C).  ''Traitft  irAnstomic  Descriptive.**  TmUiitne  Kdition. 
Tarie,  1870;  iii.,  p.  528. 

*  HenlefJ.).  **l]niulhucli  der  •yttcuiatlschen  Auutcimie  des  Mcxuelusi.'' 
Vol.  iii.     "Nerveitlehre,"  ISruuiiftchwcig,  1H71 !  p.  ^08. 
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extremely  fine  rami  vaeculares,  which  accompany  and  engird  the 
brauchoB  of  the  internal  carotid,  vi«.  the  untoriop  and  middle  cerebral 
arteries,  according  to  Bouryery  and  Arnold." 

A/tor  the  curdiac  motion  hoB  been  thoroughly  Hubdued,  and  the 
artery  appenra  in  the  cranial  cavity,  Crnveilhinr  fitatcs  that  "at 
the  point  whore  the  artery  emerges  from  the  dura  mater,  above  tho 
anterior  dinoid  process,  it  is  received  in  a  Rheath  formeil  of  the 
arachnoid"  (Inr.  <h7.,  il,  p.  698). 

But  to  return  to  the  emissaria  of  tho  cavernous  sinusea. 

51.  Anotlier  important  emissarium  of  the  cavernous  ainus  is  the 
•*  vein  of  the  foramen  ovalc^"  couceniiug  which  Trvlartl  *  says,  "  From 
th(*  lower  part  of  the  cavernous  einus  there  deports  a  sutticiently 
voluminous  vein  which  places  itself  about  the  inferior  maxiUary 
branch  of  thw  trifacial  nerve.  With  this  nerve  it  pasi*e8  into  the 
foramen  ovule,  and  terminates  in  the  pterygoid  plexus.  It  may  bo 
Lvilled  *the  vein  of  the  foramen  ovale.*  It  communicates  soraotimes 
with  the  meningeal  veina" 

Ilen^e^  says  concerning  this  emissarium,  "The  cavernous  sinua 
despatches  through  the  foramen  ovale  a  few  veins,  wliich,  after 
joining  some  branehoa  of  tho  meningeal  veins,  encompass  the  third 
branch  of  the  trifacial  nerve  in  the  form  of  a  plexus,  and  terminate 
in  the  venous  plexus  of  the  inferior  temporal  fossa — the  pterygoid 
plexus — according  to  Nuhn.^" 

Henle^  Bays  further,  "More  rarely  the  second  branch  of  the  tri- 
facial nerve  is  accompanied  by  venous  twigs  from  the  cavernous 
sinus."  Knott*  says,  "An  additional  tributary  of  the  cavernous 
sinus,  in  the  form  of  an  emissary  vein,  passing  through  the  canolis 
rotundus — the  foramen  rotundum — of  the  sphenoid  bone,  in  company 
with  the  superior  maxillary  nerve,  has  been  described  by  ^uhn. — 
This  I  Imve  seen  twice,  in  both  cases  on  the  right  side.** 

According  to  Lauder,  "  the  emissarium  of  the  foramen  ovale  consiste 
of  two  or  tlirce  lat^r  tubes,  which  portly  proceed  directly  from  the 
ramification  of  the  ophthalmic  vein,  and  partly  are  formed  of  twigs 
of  the  cavernous  net.  The  veins  of  this  emissarium,  as  is  wt«ll  known, 
on  the  outride  of  the  cranium  pass  over  into  the  plexus  pterygoideut?, 
which,  through  several  little  stems,  in  an  outside  direction,  joins  the 
vena  facialis  jiosterior.     The  plexus  pterygoideus  encompasses  the 


1  *'0p.  eiUt,"p.  2fla.  »  ''Op.  dtat,"iii.,Abth.  1.  r.  3IK 

*  Kubn  (Antun),    *'  tJntcrauc)iaug«n  und  Beobochtungcn  ftu»  dcm  Gebicte dcr 
Anatomic,"  etc.     HfidulUrg.  lSi9  :  Ht^ft  1,  p.  6. 

*  "0(..  citAt.,"  p.  \9h. 
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nerTTiB  infra-maxillHriB  on  all  sides,  aud,  hb  I  was  able  to  see  in  pre- 
parations obt&iued  by  corroaiou,  it  termioatoe  iu  a  line,  closoly-mf'alied 
net  which  is  situated  along  the  medial  side  of  the  nerve,  and,  there- 
fore, covers  the  ganglion  oticum.  These  emissary  veins  and  their 
plexus  are  approached  beat  by  following  Nuhn'e  advice,  and  mitVing 
an  injection  of  the  inferior  petrosal  sinus  "  (/oc*.  ci<.,  p.  312), 

52.  In  addition  to  the  emissary  vessels  which  have  thas  far  been 
specified,  Hmde  ^  mentions  some  vein£  which  leave  the  cavemoua 
ainus  through  the  foramen  lacenim.  He  says,  "Through  tlie  mass  of 
connective  tissue  which  fills  the  foramen  lacerum  there  is  a  passage 
for  veins,  which  on  the  one  hand  are  connected  with  tho  cavernous 
fiinuaes,  and  on  the  other  with  veins  of  the  exterior  surface  of  the 
base  of  the  sk\dl." 

Vie^  d'Asyr  ^  also  speaks  of  a  number  of  little  veins  which  load 
from  tho  cavernous  sinuses  into  the  posterior  cavities  of  the  no8<!t. 
He  says,  "  The  cavernous  and  orbital  sinuses  [t.er.  the  cavernous  .sinus 
and  the  ophthalmic  vain]  communicate  by  a  large  numl>er  of  little 
veins  with  the  posterior  cavities  of  the  nose ;  so  that  critical 
hemorrhages  through  the  nose  which  take  place  in  acute  fevers  whore 
the  head  is  affected,  ore  easily  explained  by  their  means." 

53.  If  now  we  pass  in  review  the  considerable  number  of 
emissary  veins  by  which  the  cavernous  sinuses  communicate  with 
the  exterior  veins  of  the  head,  in  order  to  discharge  into  them  the 
exhausted  venous  blood  which  is  denied  admittance  into  the  petroaal 
sinuses — we  see  that  Swedenborg  is  completely  borne  out  in  his 
declaration,  where  hn  says  that  those  vessels  which  receive  a  spirituous 
essence  from  the  brain,  namely,  the  superior  and  inferior  petrosal 
sinuses  and  the  canal  of  Tabarrani,  convey  that  essence  into  the 
lateral  sinuses  and  also  into  the  beginning  of  tho  internal  jugular  vein 
in  the  foramen  jugulare ;  while  the  exhausted  venous  blood  is  convoyed 
outside  the  cranium  through  special  emissary  ducts  or  veins.  Theao 
veins  finally  empty  either  into  the  eztemal  jugular  vein,  or  into  tlie 
internal  jugular  vein,  outside  the  cranium,  and  conaidenibly  below 
those  points  where  the  petrosal  ainus  aud  tlie  caual  of  Tubirr&ni 
discharge  their  precious  contents  into  these  veins. 

Besides,  it  must  be  borne  in  mind,  that  those  veins  ctr  sinuses 
which  carry  venoiu  blood  into  the 
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'  "Oji.dUt.,"ia,  Abth.  1,  p,  841. 

>  Vtc<i  d'Azyr.  '*  Reclirrdic*  »ur  U  •tmetivc  da  c«TT«au.  da  oervelct,"  tic, 
in  **H<^mo[rea  de  VAcad^mie  dea  Scteaces,  M^moirtt  de  MatUinatique  et  de 
Pbyiu<iur,  Annw:,  1781."    Ptris.  1784  ;  p.  50*. 
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ophthulmio  vein,  tli«  flpheno-pnrietftl  nimis,  tlie  middle  cercbr/d  rein, 
und  the  inferior  sphenoidal  »inus,  before  reaching  the  Cftvomous 
sinuses,  anastomose  largely  with  eitomal  veins  of  the  brad ;  so  that, 
whenover  there  ie  too  copious  an  afflux  of  venous  bloo<l  towards  tbo 
cavernoufi  sinuses,  the  threatened  inmidation  is  mostly  averted  even 
before  that  WockI  reaches  th(?  cavernous  siuusea. 

The  ophthalmic  vein,  through  its  infrn-orbitjil  branches,  thus 
communicateB  immediately  with  the  pterygoid  plexus,  and  thereby 
with  the  extern;d  jugular  vein  and  the  lower  iutemal  jugular  veiiL 

The  sphenoparietal  sinus  anostoinofios  with  tlio  middle  meningeal 
vein,  and  through  this  vein  is  connected  with  the  internal  maxillary 
vein  ;  and  again  through  one  of  its  tributaries,  the  vena  diploica  tem- 
poralis anterior,  it  ia  connected  with  the  deep  temporal  vein.  Through 
both  these  veins,  however,  it  communicates  with  the  pt<*rygoid  plexufl, 
and  thereby  with  the  external  jugular  vein,  and  also  with  the  internal 
jugular  vein  at  a  considerable  distance  below  the  foramen  jugulare. 

The  middle  cerebral  vein  enters  partly  into  the  cavenious  sinus, 
and  partly  into  the  middle  meningeal  vein,  and  tlu-ough  this  vein 
communicates  with  the  external  veins  of  the  head. 

The  inferior  Bi)henoidai  sinus,  according  tti  Bell,  "  is  either  emptiorl 
into  the  cavernous  ftinus,  or  else  escapes  by  emissaria  into  the  trunk 
of  the  temjwrj-l  vein,"  and  thereby  communicfltes  with  the  external 
jiigulaj  vein,  and  with  the  facial  vein  near  its  termination. 

Ample  provision  is  thus  made  against  a  tU^oding  of  the  cavammis 
^inusea  by  exliausted  venous  blood  ;  only  so  much  of  tliis  blood,  in 
fact,  being  admitted  us  is  of  actual  use  for  the  fixation  of  the  spiritn- 
ous  lymph  of  the  brain  ;  or  so  much  as  the  cavernous  sinuses  are  able 
to  revive  by  the  infusion  of  some  of  the  spirituons  lym]>h  which  is 
poured  from  the  pituitary  gland  into  the  posterior  extremity  of  these 
fdnuflos  preparatory  to  its  being  carried  away  by  the  superior  petroaftl 
sinuses. 

But  in  case  the  cavernous  sinuses  should  actually  be  congested  by 
venous  blood,  these  sinuses,  as  baa  been  pointed  ont  by  Vicq  d*Aiyr, 
are  relieve<l  of  that  pressure  by  a  hemorrhAge  through  the  nose. 

5.   Thf  Inferior  Petrosal  Sinuses. 


54.  The  function  of  the«e  sinuses  Swedenborg  explains  in  tlie 
following  manner: — '*The  larger,  interior,  luid  shortor  nnuses  at  the 
base — the  inferior  petrosal  sinuses — seem  to  swallow  up  all  that  serous 
fluid  in  which  the  gland  is  bathed  on  all  sides,  and  which  is  ilerived 
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into  the  oavemous  sinuses,  and  liiHcharged  thenco.  Thi3  strum  ihoy 
convoy  into  thn  common  trough  of  tho  sinuses — the  fommen  jugularo- 
For  those  sinuses  lie  a  little  more  to  the  back  than  the  superior 
petrosal  einoses,  ami  they  bend  thomsolves  into  the  shape  of  lh^^ 
letter  /  toward;*  iho  production  of  tho  posterior  climmls  i  and  at  the 
aame  time  with  their  strctehed-out  veins  and  lips  thoy  sip  in  mediately 
and  immediately  the  moisture  which  showers  down,  and  in  this  wiso 
they  drain  the  caverns.  This  we  learn  from  injections,  and  it  i* 
confinned  by  the  sitimtiou,  extent,  and  number  of  tlio  little  inoutha, 
BO  that  they  miLst  needs  be  canals  intended  for  the  conveyance  of 
a  more  sluggish  and  grosser  fluitL  Besides,  they  also  derive  blood 
from  the  spongy  PubsLanec  of  the  enmium,  which  is  immediately 
under  them,  and  which  is  irrigat<>d  from  branches  of  the  lutcru&l 
oirotid.  They  also  receive  any  other  blood  which  cannot  be  discharge*! 
in  any  other  direction  "  (no.  624). 

The  fact  that  tho  inferior  petrosal  sinuses  convey  not  merely  blood, 
but  also  a  serum  ^' mixed  with  nervous  juice,"  and  with  a  portion  of 
the  spirituous  lyni|ili  of  tho  pttuitiiry  gland,  cannot  be  proved  by 
ociUar  demonstration,  but,  as  we  have  8ho\^'n,  is  the  unavoidable 
result  of  a  rational  induction  based  on  the  facts  of  science. 

Said  scrum  is  mixed  in  tho  cavernous  sinuses  with  carotid  bluod 
from  the  pituitary  gland,  wluch  is  discharged  into  those  sinuses 
through  the  "inferior  trausrcrso  or  intercavernous  sinus."  It  is 
also  more  or  less  mixed  with  the  venous  blood  which  is  poured  into 
the  anterior  extremity  of  these  sinuses  through  the  ophthalmic  vein 
and  tho  spheno-parietal  sinus. 

Tho  inferior  petrosal  sinus,  like  the  superior  petrosid  sinus,  is  the 
recipient  also,  only  in  a  larger  degree,  of  blood  from  the  interior  of 
the  cranium  enriched  with  spirituous  lymph  from  the  pituitary 
glantl,  which  it  receives  in  the  posterior  extremity  of  tho  cavernous 
sinus  from  the  **  basilar  plexus"  through  ita  highest,  transvArsu 
bmnch,  the  "  anterior  occipitol  or  transverse  sinus,"  and  also  through- 
out the  rest  of  its  course.  Tliis  is  also  admitted  by  Swc-denborg 
where  he  says,  that  during  its  course  towards  the  internal  jugular 
vein,  tlie  inferior  petrosal  sinus  "derives  also  bloo<l  from  the  spongy 
substance  of  the  cranium,  which  is  immediately  underneath  them, 
and  which  is  irrigated  from  branches  of  the  internal  carotid. "  The 
resselB  through  which  it  derives  this  su])ply  of  blood,  are  those  of 
the  pltxeuii  baaiiuna  of  Virchow,  mentioned  above,  with  wKtclu 
eocoi-ding  to  the  testimony  of  Heide,  Knott,  and  Thoilo  (see  above^ 
no.  37),  the  inferior  pctroeol  slnuaes  are  'laterally  connected.*' 
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Swedenborg  says  further,  "  Those  sinuses  nrccive  nlao  some  other 
lilood  which  cannot  be  discharged  in  any  otbor  direction."  Con- 
cerning the  veins  wliich  carry  such  blood  into  the  inferior  petrosal 
flinna,  Holler^  says,  '^Lnto  this  somu  sinus  are  discharged  some 
veins  of  the  dura  mater  from  the  region  of  the  vertebrae,  and  from 
the  place  where  they  are  joined  with  tlio  occiput.  Some  veins  also 
come  from  the  beginning  of  the  spinal  marrow  and  fn)m  the  mtKlulla 
oblongata."  Sa/titey'*^  more  precise  statement  concerning  the«e 
veins  is,  "Tlie  inferior  petrosal  siuiiees  receive  a  vein  which  start* 
from  that  portion  of  the  dura  mat<!r  which  lines  the  inferior 
cerebellar  fossa  of  the  occipital  bone." 

Cruveilhier^  fipealts  of  another  vein  which  joins  the  inferior 
petrosal  sinus  near  its  anterior  extremity ;  he  says,  "  Excepting  one 
vein  which  comes  from  the  base  of  the  cranium  through  the  foramen 
Jacorum  anticum,  the  inferior  petrowd  ainus  receives  no  vein  of 
importance."  Tliis  sjimo  vein  is  described  by  Sappt-y^  as  *'an 
iiscending  vein  of  a  very  slender  caliber  which  traverse-s  the 
foramen  lacerum  anticum." 

Acconlin;;  to  Iff'uh\*  however,  "  Veins  from  the  lower  surfnco  of 
the  cerebellar  liemispheres,  the  pons  Varolii  and  medulla  oblongata 
em|»ty  into  the  inferior  peirosal^  the  occipital,  aind  the  lower  part 
of  the  lateral  sinuses."  He  ftirther  aaya,  "The  vena  auditivaa 
int<^rn9p  empty  into  the  lower  end  of  the  inferior  petrosal,  or  into 
that  of  the  lateral  sinus." 

55.  As  in  the  case  of  the  superior  petrosal  and  of  the  cavernous 
sinusp.*^  natun*  has  moile  a  provision  agninst  on  inundation  of  blood 
alsu  in  the  cjme  of  the  inferior  petrosal  Mnuscs,  by  the  introduction 
of  anastomoses  and  an  emissary  vein. 

Tinlard '"  ncronlingly  informs  us  that  *'  tho  lower  wall  of  thf 
inferior  pctnjsal  niuus  sometimes  preseuU  opeuingH  through  which  it 
commnnteates  with  the  lower  petroso-occipital  sinus — the  c;inal  of 
Tabarrani — umlemoath.'' 

Ati  emLasary  vessel  of  the  above  sinus  is  described  by  the  same  author 
in  the  following  term?:  **Thi8  vein" — the  vein  which  constitutes 
the  posterior  end  of  the  inferior  petrosal  sinus,  see  below — "offers 
towimls  its  middlt'  poition  an  opening  wliereby  it  communicates 
with  the  anifrior  amdylar  rotiflufut."  Tliis  conflviont  enters  the 
4iaterior  ctmdylar  foramen  whidi  is  witliin  the  foramen  jugulare,  and 

'  "Op.  dULt**  iv.,  p.  lf»3.  «  *'0p.  ciut.,'*  ii..  |\  7U, 

•  "(^  olUt,/*  il..  I'-  777.  *  -Op.  ritAt,"  UL  1,  pp.  S$8,  342. 

*  •*0p.  dtot>*'  pp.  264.  a68. 
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at  ita  other  end  whicli  openft  into  the  foramon  magnum  occipitale,  it 
communicates  with  the  renous  plexus  with  which  this  foramen  u 
encircled,  ami  which  is  continued  into  thi^  vertebral  plexuses  and 
thence  into  the  vertebral  sinuses.  According  to  Tn^lanl,  thi« 
confluent  receiToe  a  rein  not  only  from  the  inferior  petrt:>sal  sinos, 
but  also  from  the  lower  petroso-occipital  sinus,  that  is,  from  tho 
canal  of  Tabamini. 

According  to  Hmkh '  and  Luachka^  *  the  emissary  vessel  in  question 
does  not  lead  awuy  from  the  inferior  petrosal  sinus  into  the  vertebrAl 
plexus ;  but  it  follows  an  opposite  course,  and  carries  blood  from  the 
plexus  yertebralis,  and  hence  from  the  occipital  sinus  which  is 
connected  therewith,  into  the  inferior  petrosal  sinus. 

There  are  strong  grounds  in  favour  of  either  of  these  views ;  for 
while  the  nervus  hypoglossus  enters  the  anterior  condylar  canal  at- 
its  opening  in  the  foramen  magnum,  and  leaves  it  through  thu 
jugular  foramen,  a  twig  of  tlu-.  artcria  pharyngeA  ascendens  enters  tht? 
condylar  Ur  hypoglossal  canal  at  its  exterior  opening,  and  ptirsues  an 
opposite  course.  The  cranial  veins,  it  is  true,  usually  carry  blood 
away  from  the  cranium ;  and  yet  the  ophthalmic  vein  and  others 
enter  the  cranium  from  without,  oud  help  to  swell  the  contents  of 
the  intra-cranial  sinuses. 

Trolard,  therefore,  seems  just  as  much  justified  in  reganling  the 
inferior  petrosal  sinus  aa  the  starting-point  of  the  cmissarium  in 
(luestion ;  as  Luschka  and  Henle  in  considering  the  plexus  venosup 
of  the  foramen  magnum  and  the  occipital  sinus  as  its  original 
source. 

If  wo  consider,  however,  that  not  only  the  inferior  petrosal  sinus, 
but  also  especially  the  canal  of  Taborrani,  carry  ft  blood  which  is 
charged  with  npirituous  lymph,  there  seems  to  be  an  importaut 
reason  why  botli  these  canals  should  commutiicate  thmugh  the 
venous  plexus  of  the  foramen  magnum  with  the  vertebral  plcxusosv 
and  thus  with  the  anterior  longitudinal  spinal  veins. 

For  these  latter  veins  also  carry  a  blood  which  lilce  tlmt  of  the 
lateral  sinuses  is  more  or  less  exliausted,  and  requires  restonitiou  and 
re-animation  by  the  spirituous  lymph  of  the  pituitary  gland,  which 
•^  carried  by  the  canal  of  Tabarrani,  and  in  a  lesser  degree  by 
the  >-ferior  petrosal  siimsesL  Besides,  the  "plexus  basilar^,'*  which 
carries  »»)>|(,(j(|,  likewise  endowwl  with  spirit,  us  8ho>vn  abovn  in  nn. 

'  "*^l*'  f^\"  (Dio  Aiiftlomio  .le«  Men*c]i«n>,  Vol,  t,  Abth.  I,  pp.  S«, 
9t*,  357.     Abo  \  „j^^^  MQiUr't  Arebiv  flir  Aiwtom!?/*  etc.,  for  lft5«,  ^  7^ 
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37,  i«  also  counected  with  the  venous  plezusos  of  tho  vertebral 
cunol. 

S6.  In  reepect  to  the  posterior  extremity  of  the  inferior  petrosal 
sinuaea,  Swedenborg  says,  "These  sinusea  run  out  between  the 
sphenoid  and  temporal  bones.  They  become  lapge.r  on  the  way,  and 
Itoing  but  slightly  bent,  they  seek  those  petrous  reservoirs — the 
fornmioa  jugularia  or  foramina  lacera  postica — into  which  the  lateral 
sinuses  discharge  themselves,  with  a  view  of  entering  the  jugular 
veins.'* 

This  reprttsents  the  state  of  science  on  this  subject,  in  Swedenborg's 
time,  and  also  until  quite  recently  that  of  modern  science.  Thus 
Todd  ^  makes  the  following  statement  concerning  the  posterior 
terminus  of  the  inferior  petrosal  sinuses:  "These  sinuses  open  into 
the  inferior  portion  of  the  lateral  sinus,  just  before  it  unites  with 
the  jugular  vein." 

CruvetViier'  says,  "The  posterior  extremity  of  the  sinus  opena 
into  the  anterior  end  of  the  corresponding  lateral  sinus,  opposite  the 
commencement  of  the  internal  jugular  vein.*' 

Qtioin^  also  say»,  "The  inferior  petrosal  sinus  opens  into  tho 
Uteral  sinus  near  it^  termination ; "  but  he  is  careful  to  add  aftei^ 
wards,  "or  into  tlip  jugular  vein." 

Tho  fact  is,  this  sinus  does  not  enter  the  lateral  sinus  at  all,  nor 
even  the  foramen  jugulare  proper ;  but  it  enters  a  separate  compart- 
ment of  the  foramen  lacerum  [>OKticum,  where  it  lays  aside  the 
character  of  a  ainu^  and  assumes  that  of  a  vein.  And  this  terminal 
vein  of  the  inferior  petrosal  sinus  enters  the  jugular  vein  at  a 
variable  distance  from  tho  terminus  of  the  lateral  sinus,  often  even 
exteriorly  of  the  cranium. 

This  condition  is  described  by  Luschka*  thus,  "Shortly  after  tho 
interniil  Jugular  vein  has  made  \\m  appearance  at  the  external  surface 

the  cranium,   there   enters   into   its   anterior   circumference  the 

iterior  end  of  the  inferior  petrosal  sinua  Tliis  sinus,  which 
pursues  its  course  in  a  groove  between  the  petrous  bone  and  tho 
body  of  the  occipital  bono,  at  tho  anterior  extremity  of  the  foramen 
laconim  posticuro,  tlirouglt  which  it  descends,  uHunlly  ])n£«eH  over 
into  a  vein  with  its  own  independent  coatings  and  walls.  This  vein 
in  adult  persons  averages  in  width  3  mm.,  and  in  length  6  mm. 


'  Todd  fit  B.).      "DMcriptive  and  Physiological  Anntoniy  of  the  Brain/' 
rtc.     London.  lS4fi  ;  p.  20. 
»  '*0p.  ciUt,"  ii,  p.  77".  »  "Op.  ciUt."     Eighth  Edition,     i.,  p.  4¥8. 

»  "Op.  dUt./'i.  I,  p.  3r.6. 
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Closely  behind  the  place  where  this  vein  penetrates  the  foiameQ 
lacerum,  three  nerves,  the  gloasopharyngeus,  the  vagus,  and  the 
acceaaorius  Willisii,  all  siurounJod  by  special  i)roductiou8  of  the 
d»m  mater,  pass  through  the  anterior  Bmallcr  diripion  of  the  foramen 
iacerum  ;  and  during  their  passage  they  are  aeparaled  from  the 
internal  jugular  vein  by  the  processua  jugularis  epuriua,  or  by  a 
fibrous  partition  •which  replaces  said  processus." 

He  says  further,  "  Into  this  vein,  according  to  the  iibservationa  of 
J.  Englisch,  there  lapses  a  cuual — the  canal  of  Tabarrani — \\  mm. 
in  width,  which  is  contained  in  the  cartilage  betwoen  the  petrous 
bone  and  the  pai*6  basilans  of  the  occipital  bone,"  etc 

Very  often,  according  to  Theile,^  an  osseous  bridge  even  occurs 
between  the  inferior  petrosal  sinus  and  the  three  nerves  specified 
above,  during  their  passage  through  the  foramen  lacenun.  lie  says, 
**  lu  twelve  cases  out  of  forty-six,  I  found  in  the  petrous  and  occipital 
bones,  more  eeldom  in  the  substance  of  the  occipital  bone  alone,  a 
foramen  which  is  separated  from  the  foramen  Iacerum  by  a  narrow 
bridge,  which,  however,  is  sometimes  three  linefi  in  width.  Both 
bones  contribute  to  the  formation  of  this  bridge,  but  the  share  of  the 
occipital  bone  is  greater.  The  tsukug  jm*  m'nu  pefroAO  ittf^ori  always 
leads  into  that  hole,  and  through  that  hole  the  simis  jtetroswa 
inferior  leaves  the  ca\nty  of  the  skulL  The  twelve  cases  which  I 
ol»sorved  justify  me  in  tlie  declaration  that  besides  the  inferior  {petrosal 
sinus  no  other  part  enters  said  foramen.  Tliis  foramen  occurs 
more  frequently  on  one  side,  than  on  both  sides  siDiiUtantiOusly. 
Immeiliately  after  the  sinus  leaves  the  cranium,  it  enters  Uie 
internal  jugular  vein.  Once  I  saw  it  enter  the  vena  thyrioidcA 
superior." 

The  following  represents  the  result  at  which  Knott'*  arrived  in 
trying  to  ascertain  the  level  at  which  the  inferior  |)otrosal  sinus 
enters  the  jugular  vein.  He  say?,  '*  Witli  the  purpose  of  ascertaining 
the  L'xact  level  of  the  tenuination  of  said  sinus,  I  made  a  caruful 
examination  of  the  bases  of  eleven  skulls  [twenty-two  sinuses],  after 
the  dissection  of  all  the  other  sinuses  had  beou  completed.  In  eight 
out  of  the  twenty-two  sinuses  so  inspected,  the  tt'rmiuulion  was  as 
nearly  as  possible  at  the  level  of  the  lower  mar^gia  of  the  jugular 
foramen.     In   nine   instances   it   was   a   littlu   above,   and   in    tlie 


*  Thcile  (Prof.,  Dr.).  "Dm  fornmm  jrrc  nnn  pftrow  ivftriori  uxt  lUr 
SduldrlUsiii,"  In  "  ZcitsrKrift  U\x  ratiotielle  Mi-dicJu."  Nour  Folgr,  Ikuil  vL 
H«ldfU>fti)£  «nd  Lfiftirjg,  1655. 

"•'Op.  citot,"  p.  1»&.  tt  »fq. 
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remaining  fivo  a  little  below  that  point.  Id  two  cofles  it  terminated 
al>out  I  of  an  inoh  below  the  base  of  the  skulL" 

Tho  fact  of  the  inferior  petrosal  siniu  terminating  posteriorly  in  a 
vc^in,  vrhicU  is  only  now  begiuiiing  to  be  recognised  in  our  text-books, 
was  known  to  Vicq  (TAzt/r^  as  far  back  as  1786.  He  aays,  "It  has 
been  thought  that  the  inferior  petrosal  ainns  op4»ncd  into  the  foramen 
jugularOi  together  witli  the  lateral  sinus.  My  obserraliuus  have 
taught  mo  that  it  is  separated  from  that  foramen  by  an  osseous  apex 
covepod  with  a  cartilaginous  lining  [tho  proccasus  jngnlaria  spurins], 
and  by  the  eightli  \mir  of  nerves  to  which  the  fonuuen  lacenmi 
poaticum  lends  passage.  This  sinus  iliBcharges  its  contents  through 
the  intermediation  of  a  vein  which  is  found  at  the  base  of  the 
cranium,  before  the  internal  jugular  vein.  .  .  .  The  structure,  as 
here  given,  is  not  in  accordance  with  the  description  as  usually  given, 
and  it  is  what  I  have  observed  in  the  subjects  where  1  made  mv 
researches." 

Yin//,*  among  the  earlier  authors,  is  the  only  one  who  noticed  tin* 
facts  observed  by  Vicq  d'Aryr.  He  says,  "The  inferior  petrosal 
sinus  is  continued  to  the  termination  of  tho  lateral  sinus,  or  rather 
into  the  beginning  of  the  jugular  vein,  by  a  channel^  separated  by 
ft  bouy  lamina  from  the  termination  of  the  lateral  ^iiius ;  or  it  is 
continued  into  a  vein  in  tho  base  of  the  cranium,  which  afterwards 
joins  the  jugular  vein.'* 

Virq  (TAtyr  also  says,  "  \Micn  tho  jugular  vein  is  injcct<*d  with  a 
view  of  filling  the  sinuses,  the  tluid  does  not  pass  into  the  inferior 
petrosal  sinuses,  except  after  having  flowed  first  through  the  cavernous 
sinuses"  {Jffifi.),  This  is  no  doubt  owing  to  the  vidve  by  which, 
according  to  Englisch,  tho  opening  of  this  sinus  is  closed  in  the 
internal  jugular  vein  (see  above,  no.  39).  This  author  also  furnishes 
additional  particulars  of  the  modo  in  which  the  inferior  petrosal  sinus 
terminates  in  the  interior  of  tlie  jugular  vein. 

In  conclusion,  it  has  been  au])po9od  that  the  inferior  petrosal  sinus 
serves  in  the  capacity  of  a  gmnd  anastomosis  Ijetween  the  anterior 
and  posterior  sinuses  ia  the  basis  cf  the  cranium.  Tliia  p4>sition  is 
expressed  by  CravHlhuT '  thus,  "  The  inferior  petrosal  sinuses 
establish  a  free  anastomosis  between  the  anterior  and  posterior 
sinuses  found  at  the  l>ase  of  the  cranium."  This  anastomosis  does 
not  exist)  as  has  been  truly  stated  by  Trolard*  in  the  following 

»  Vicq  d'Axyr.  " Tniit^  d'Anstomie at  de  Phyaiologie,"  Tom.  i.  VurU,  1786 ; 
p.  103.  »"0p.  clUL,"  Vol.  ii.,  p.  430. 

*  "  Op.  dUt,"  ii,  p.  777.  *  "  Op.  ciut,,"  p.  264, 
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passttge,  where  he  sums  up  the  results  of  his  own  obserratiotiai  which 
agree  in  every  particular  with  thoeti  resulU  which  we  have  quoted 
above  from  other  authors,  "The  inferior  petrosal  sinus  does  not 
terminate  in  the  lateral  sinu^.  After  reaching  the  internal  extremity 
of  the  foramen  laoerum  posticuni,  it  traverses  this  foramen,  placing 
itAelf  in  front  of  the  nen*oiis  trunks,  and  it  goes  to  meet  tlie  jugular 
vein  below  the  foramen  jugulare.  It  opens  into  it  through  an 
oblique  orifice.  During  this  passage  it  is  no  longer  a  sinus,  but  a 
vein.  This  vein,  about  its  middle,  offers  an  opening  wheroby  it 
communicates  with  the  *  anterior  condylar  confluent.'  Iil  the  foramen 
lacenim  posticum,  proceeding  from  within  outwards,  there  are  :  1,  the 
vein  which  unites  the  inferior  petrosal  sinus  with  the  jugular  vein; 
2,  three  nervous  trunks ;  3,  the  internal  jugular  vein.  I  have  oftiyi 
seen  the  fommou  lacorum  posticum  divided  very  neatly  into  thro** 
orifices,  by  the  interposition  of  two  complete  osseous  ))ridge8 ;  the 
moat  internal  of  tliese  oritioes  was  destined  for  the  petrous  dnufi, 
the  middle  for  the  nervous  branches,  and  the  external  for  the  jugular 
sinus.  The  grand  anastomosis  admitted  at  the  present  day  between 
the  anterior  and  posterior  sinuses,  through  the  intermediation  of  the 
inferior  petrosal  sinus,  consequently  does  not  exist." 


H.  Com:LUDiNG  Remarks,  with  a  BiBUOCRAPJir* 


57.  We  have  now  followed  up  U»e  whole  of  Swedenlx»rg*8  theory 
concerning  the  "Chymical  Laboratory  of  the  Brain,"  from  the  corpus 
rallosum  to  the  sinusos  of  the  sella  turcica,  by  which  the  various 
lymphs  prepared  by  the  brain  for  the  use  of  the  body,  are  consigned 
to  the  internal  jugular  vein ;  and  we  have  tested  the  whole  of  this 
theory  from  beginning  to  end,  by  subjecting  it  to  a  most  rigorous 
examination  in  the  combined  light  of  all  the  facts  of  modem  scienoc 
bearing  upon  the  subject — and  at  the  end  of  oar  exaniinntion  we  can 
truthfully  assert  tliat  this  theory  has  passed  triumphantly  through 
all  the  crucial  tests  to  which  it  has  been  submitted. 

We  shall  now  close  our  Note  with  a  statement  of  Swedonborg  M 
to  the  ulterior  fate  of  the  spirituous  lymph  of  the  brain  after  iia 
entrance  intn  the  jugidiir  vein,  first  giving  a  dtiwiription  of  the  kind 
of  blood  which  it  meet-**  with  in  that  vein.  "Only  the  *t)ftor,  lighter, 
and  more  liquid  blood  is  convoyed  and  propelled  towards  the  corabrum 
and  cerebellum  tlir       '    *  ■;',*•,  ""'         r^-r, 

spirituuus essence   ■     .  .  .'i. 
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I,  togetLer  atiUi  the  nowly-elabonited  spirit,  is  comiuitteil  to  the 
fibrea;  so  that  <ivl^  the  groesor,  harder,  the  more  inert  aud  merely 
corporeal  part  of  the  blood  remains,  which  ia  rejected  into  the 
longitudinal,  latora],  and  straight  sinueos.  This  blood,  after  being 
deprived  of  ite  better  life,  becomes  sluggiah  and  dark,  and  is  urged 
into  the  widened  ends  or  receptacle*  of  the  8inu»ee,  and  towards  the 
jugxdar  veins.  Unleaa  it  were  animated  there  by  a  new  Bpirit,  and 
thus  revived,  it  would  be  unable  to  flow,  and  would  clog  up  the 
oriflces ;  its  bulk  then  would  be  increased,  and  after  accompliBhfng 
a  few  rounds  of  its  circulation,  the  bloud  would  transgress  ita  limits, 
and  flood  the  whole  brain,  which  is  the  court  and  council-chamber  of 
the  hotly.  It  would  thereby  deprive  the  brain  altogether  of  its  sensory 
and  motory  functions ;  thus  of  its  providence  and  omniscience,  and 
of  its  power  in  its  little  world,  and  hence  would  put  an  end  to  the 
kingdom.  In  order  to  escape  this  danger,  the  brain  establishes  its 
laboratory,  which  it  furnishes  with  a  vast  array  of  organs,  and 
thither  it  sends  its  spirit  through  tibrea,  both  that  which  it  has 
recently  elaborated,  and  also  the  old  fipirit  which  it  has  received 
back  from  the  hotly,  in  order  that  this  spirit  may  restore  and  vivify 
the  dying  blooil — the  Ktipply  of  spirit  being  always  proportionate  to 
the  exigency  of  the  cast*.  In  this  wise  the  blood,  which  but  a  short 
while  previously  was  lifeless,  is  re-animated,  and  after  being  made 
liijuid  again,  it  returns  into  the  body,  where  it  describee  and  por- 
jx>tuates  its  circles.  On  this  account  the  petrosal  sinuses  originate 
at  the  very  sella  of  the  pituitary  gland,  and  they  burst  out  thence 
us  from  a  prison ;  and  on  this  account  they  empty  their  contents  in 
<lue  order  into  the  receptacles  or  troughs  of  the  lateral  sinuses  and 
into  the  jugular  veins  themselves. 

**  After  the  blood  on  its  return  journey  has  been  imbued  with 
(ipirit,  it  ia  receive4  by  the  new  chyle,  or  in  its  stead  by  a  mo^t 
refined  lymph,  which  are  convoyed  into  the  subclavian  vein  by  the 
thomric  duct.  Into  this  chyle  or  lymph  the  blood  ia  at  once  intro- 
duced, and  presently  it  \h  canted  into  the  general  whirlpool,  that  is, 
into  the  right  ventricle  of  tlie  heart.  Afterwanls  it  is  dispersed 
through  the  pulmonary  tubes  and  vesicles,  and  imbibes  the  purest 
nitrous  substances  and  the  saline  elements  conveyed  thither  by  the 
Atmospheres  ;  whenre  it  becomes  of  a  more  lively  and  ruddy  colour, 
iind  returns  into  the  other  chamber  of  the  heart,  from  which  it  i^ 
expressed  into  arterial,  and  thence  into  venous  vessels.  In  the 
ciipillary  vi-.-^self*  the  blooti  which  has  been  generated  in  this  manner, 
iK  fn-od  by  excrt^lion  from  rdl  that  is  antiquated  and  obsoletet,  and 
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aldo  from  all  useless  and  urinoxia  acroaides,  which  are  cast  out  Such 
is  the  uso  for  the  sake  of  which  the  apparatiia  of  the  chymiciU  ocgimtt 
iu  the  brain  has  been  ustablifihwl  "  (no.  648). 

58,  The  following  literature  has  been  consulted  in  the  prepnratioa 
of  the  foregoing  Notea  : 
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Dlsscrtatio.     Heidel- 
London,  1695;  pp. 


(Padua,  1719.) 

.  M.  Nigrisolio 
Geneva,  1717.) 
(AJtorf. 
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NOTE    VII 


THE  CEREKRO-SPIKAL  LIQUID. 


a.  Its  ExisrEifCB  and  OniGinr, 


I.  Thi«  liquM,  the  discovery  of  which  is  usuallj  considered  as  of 
coijipftrntivoly  modem  date,  wne  wvU  known  lu  Swedenboi^g ;  and 
hill  description  of  it  iigreefl  with  all  that  wtcnce,  sincft  his  time,  has 
estalilished  respecting  it. 

In  flt>eaking  of  tlie  existence  and  the  nature  of  thia  liquid,  he  uhos 
the  following  language  : — 

**  Tlie  araclinoid  membrane  may  be  separated  from  the  subjacent 
pia  mater  by  injection  and  a  blow  of  air,  and  in  drojtsical  brains  it 
actually  apjwara  separated ;  whence  it  follows  that  a  humour  flows 
between  it  and  tlie  pia  mater,  by  which  they  aro  kept  apart,  and 
prevented  from  coalcsciaig "  (IL,  no.  500), 

"  A  subtle  liquid  is  expre88e4l  from  the  little  arteries  of  the  cerebrum 
which  pass  through  the  cortical  substance,  or  else  from  the  pia  mater 
whicli  under  pressure  always  yields  some  moisture.  This  fluid  is 
kepi  under  the  arachnoid  membrmie  and  cannot  nse  upwards,  but 
has  to  How  down  between  the  cortical  tori,  and  the  divisions  of  the 
tori;  the  arachnoid  memljrane  also  contributing  its  aid  thereto"  (II., 
no.  529). 

*'  This  liquid  is  ol*tainod  from  the  delicate  arterial  filaments  whicli, 
by  the  constant  uniniution,  that  is,  the  respiratory  motion  of  the 
cortoz  of  the  bmin,  am  pulled  and  again  relaxed,  and  thua  milked  " 
(no.  716A). 

*'  Between  the  arachnoid  membrane  and  the  pia  mater  there  aro 

formed  duct-Uko  oelLa^  through  which  the  juice  which  is  expressed 

from  Uie  pia  mater  and  Uie  little  arteries,  ia  directed  to  those  places, 

whence  it  may  be  derived  between  tlie  fibres,  as  well  as  between  the 

foecicles  of  tlio  fibres,  and  into  tlie  very  medullary  suljatanco  of  the 

brain ;  so  that  all  porta,  being  anointed  with  a  suitable  moisture,  may 

Hccomplisli  their  functions;  while  the  superfluous  juice  is  carried 

Sm 


546 


THE  CEREBROSPINAL  LIQUID, 


away  through  tlie  ducte  of  the  arachnoid  membrane.  Thence  it 
appears  that  this  membrane  performs  in  the  brain  the  same  uao  'wliiub 
the  lymphatics  perform  in  the  body  "  (no.  715^). 

Tlio  cerebro-spinal  liquid,  acconling  to  Swedonborg,  is  derived  not 
so  much  from  the  cerebmm,  iib  from  the  curnhplhim ;  for  the  cnrtbral 
moisture  trickles  into  the  lateral  ventricles,  amlj  as  has  been  proreil 
from  modem  sources  in  VoL  I.,  Editorial  Note  iii.  (pp.  713-728),  in 
the  living  human  oi-gnnisni  does  not  pass  into  the  fourth,  that  is,  the 
cere}HtUac  ventricle — wherefore  the  ccrebro-spinol  liquid  must  l»e 
looked  upon  as  chiefly  a  cerebellar,  and  not  so  much  o  cerebral 
secretion.     On  this  subject  we  read  : 

*'The  above  applies  also  to  the  cerebellum  and  to  both  medullflB, 
where  there  is  any  grey  substance.  In  the  cerebellum  tins  liquid  is 
secreted  between  its  numerous  folds  wliifh  are  peq)etually  rubbed  and 
artivl  upon  during  tlie  momenta  of  the  animation  of  the  bmin  :  whwnt- 
fore  there  must  needs  be  expressed  thence  a  jmco  which  can  ptuV' 
only  into  its  white  or  medullary  substance,  and  thence  into  it£  mod 
lary  trunk,  and  conseiiuently  into  it«  princesses  or  norvea.  A  like 
fluid  ia  derived  in  a  similar  manner  from  the  spinal  cord  lietween 
its  tibreH,  and  thence  into  the  very  roots  of  the  nerves  which  are 
presently  invested  with  pia  mater"  (no.  715m). 

Concerning  tlio   cerebellar  secretion   which   is  collected   in  tiw 
fourth  ventricle,  we  reiwl  further : 

**The  fourth  ventricle,  on  account  of  the  possibility  of  actual 
motion  which  it  secures  for  the  circumjacent  members  tif  the 
cncephalon,  suj^plies  also  a  noble  and  most  highly-gifted  juice 
impregnated  with  spirit.  .  .  .  This  choicest  scrum  and  defecatc<l 
lymph,  which  is  expressed  from  the  tender  shoots  and  villi  of  the 
vertebral  ailery  between  the  laminie  and  inmost  folds  of  the  cons 
bellum,  and  which  enters  thonce  into  the  fibrillous  interstices  of  its 
medulla,  cannot  escape  or  Ijc  discharged  by  any  other  way  than  by 
that  of  the  medulkry  stoms  into  the  subjacent  ventricle,  that  is,  into 
that  cavity  which  ia  intercepted  and  closed  up  by  the  peduncles;  for 
there  is  no  uther  oj^aess.  8uch  also  is  the  case  with  that  "  .■ 
which  does  not  jw?]K'tmte  the  arborescent  growth  of  the  cvi 
but  passes  Uirough  the  folds  of  the  pia  muter,  and  through  the 
duplicatures  of  the  same^  and  which  pursnies  ite  coiiTBe  until  it  fin 
an  exit.  This  humour  also  cannot  shower  down  auywiiure  elso  th: 
under  the  membrane  whereby  the  jtrduncles  are  lineil,  and  throu 
the  vetmiform  proces-s  where  this  same  membrane  is  :tt*  '  '  m  the 
valve  of  Tieussens.     Imisniuch  as  this  ventricle  uuu.  <  the 
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wliolo  of  that  nnble  moisture  which  is  cdIIpcUmI  in  the  whole 
inedulliiry  substance  of  the  cerel«eUuni,  and  in  it«  laminated  surface, 
it  is  pumpod  out  h^  ita  ultcruato  motiou.  The  y^wdu*  o/trrantH  by 
which  thift  roBult  is  acoomplifthfd,  appears  also  dearly  from  the  way 
in  which  the  ]^tMlunclM«,  namely,  their  nietluUary  portion  ia  inrooted, 
and  hy  which  the  enclosing  mcmVirano  or  outer  coverinjf  is  inserted 
in  the  edges  of  thiR  cistern  "  (no.  712). 

"Tlio  lymi»h,  which  by  tlie  medullary  stems  is  conveyed  into  this 
cistern,  out  of  every  cleft  of  the  ccrelK.'.lIani,  and  out  of  the  medullary 
branches  of  its  iirboroscont  organism,  must  needs  l>e  most  refined  anrl 
of  a  8]>irituons  nature,  and  it  cannot  be  a  jutuitoun  htimour  or 
ferulcnt  liquid  such  as  is  found  between  the  raoninKes,  anil  some- 
times in  the  anfractuous  folds  of  the  cerebrum.  For  the  errcbelliim 
goes  through  it«  alternate  motions  with  constancy  and  troni|uiUity, 
in  deep  silence  and  with  an  ever  nerene  complexion,  Tho  cerebrum, 
■on  tl»e  otIuT  haml,  very  often  disi)lays  in  its  motion  inmnaUincy, 
impetuotiity,  and  again  inactivity,  wherefore  a  gnjsser  sjwcies  of 
lymph  is  excreted  there.  The  cerebellum  aUo  Bendy  off  the  feculent 
[lortion  of  tl»e  serum  into  its  Lirg**r-si«cd  veins,  and  prrsrnily  into 
tho  straight  sinus. 

"  Thia  most  refined  l_ym]>h  of  the  cerebellum  is  BOon  joined  by  a 
lymph  mdowetl  with  frt'sb  spirit  frorn  the  clioroid  plexus  which 
lines  botli  sides  of  the  fourth  ventricle,  both  portions  of  which 
intercommunicate  by  anastomoses.  This  jilcxua  also  flervea  to  show 
that  a  similar  kind  of  lymph  is  distillc*.!  into  this  cisteni  as  into  the 
lateral  ventricles  of  the  eei-ebrum,  since  its  texture  is  similar,  and  it 
is  interspersed  with  similar  glands"  (no.  713). 

(>n  the  ground  of  tho  ceroUdlum  being  the  principal  source  of  the 
oerebro-spinnl  litjujtl,  Swedcuborg  styles  the  i-erebellum  one  of  the 
chitit  glands  in  the  human  organism.  He  says,  "On  this  account 
also  the  cerebellum  B^enu  to  represent  a  gland,  and  indeed  the 
chiefest  among  the  conglobate  or  lyinphatic  glands;  for  through 
■emisaarj'  dueU  or  jwduncles  it  excretes  a  juice  into  a  cavity,  that  is, 
into  the  fourth  ventricle,  and  thereby  provides  for  tlie  subjacent 
roots  of  the  nervei*  "  (no.  713). 

As  to  the  place  where  the  crmbro-spinal  liquid  is  discharged  from 
the  fourth  ventricle  into  the  sulxarachnoid  space,  and  where  it  mainly 
accumulates,  Swetlenborg  says:  "The  lymph  of  the  fourth  ventricle 
nnd  of  the  choroid  iiluxus  is  discharged  into  the  duplicature  between 
tb»^  pia  mater  and  the  arachnoid  membrane ;  and  thence,  tlirough 
the  continuous  and  customary  ducts  and  follicles  of  the  nrochnoiil 
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membrane,  it  is  derived  especially  into  the  posterior  port  <>f  the 
medulla  oljlotigiita,  \t'lu'ro  tlmt  mcmbi-ano  flonta  about  quito  densely 
and  Icpofloly"  (no.  714). 

"Tlie  fonuu  or  murket-place  wbere  tUo  lympli,  which  is  contAiiiecl 
under  tlie  ariiohnoid  membrane,  tlows  together,  ir  in  the  lowest  «nd 
hindmost  region  of  the  medulla  oblongiitft  around  tho  calAmus 
scriptorius.  Thither  it  flows  from  both  brains,  luid  thither  it  iti 
conveyoil  from  the  whole  circumference  of  tho  medulla  oblongatA ; 
and  thence,  through  tho  foramen  magnum  of  the  occiput,  it  doacend^ 
towards  the  posterior  surface  of  the  spinal  cord  "  (no.  715^). 

2.  The  nltinmte  destination  of  the  cerebro-spiual  liquid  in  the 
peripheral  nervous  system  will  be  discussed  below  in  the  light  of 
motlom  Bcienee ;  likewise  the  special  channels  through  which  this 
liquid  is  discharged  from  tho  fourth  ventricle  into  llio  subarachnoid 
space.  Meanwhile  Swcdenborg's  doctrine  of  tho  existence  and 
origin  of  the  cerobro-spinal  fluid,  will  bo  found  fully  confirmed  by 
the  following  historical  account  whicli  Key  and  Rctxiu.s  ^nvo  of  the 
various  facts  elicited  by  modem  science  respecting  this  liquid : 
'*  Although  Haller  came  very  near  discovering  the  oerebro-epiimJ 
fluid,  and  although  some  importunt  observations  l»earing  ujtiin  Iho 
subject  had  been  made  before  him  by  Pacchioni,  and  by  others  also 
it  had  boon  noticed  as  a  pathological  formation — still  it  cannot  be 
gainsayod  that  to  CoUupio  is  due  the  honour  of  having  discovered 
this  fluid  as  a  constant  formation  occurring  in  the  living  subject 
under  entirely  normal  conditions." 

Swedenborgfl  MSS.  from  which  tho  circnmstantial  account  of 
this  li»|uid,  as  given  above,  has  been  quoted,  date  frt»m  tho  years 
1735  to  1743;  wliile  the  first  edition  of  Cutugno's  treatise,  "7^*9 
Ischiade  Nt-'TToaa  cotmjfittariuA"  which  contains  the  first  publislied 
account  of  tlie  cercbro-spinal  liquid  (see  above,  no.  70*^;)  was  issued 
in  1764.     Our  authors  continue  : 

*'Cotuguo  first  demonstrated  that  the  above  liquid  Alls  up  the 
large  interstice  between  tho  dura  and  the  spinal  coid  froin  tho 
occiput  to  the  oa  sacrum,  and  also  nil  the  interstices  Itt^'tween  tho 
brain  and  the  dura  ;  be  found  nl>?o  that  aach  interstices  ixist  always 
in  the  base  of  tlie  brain,  and  not  onfrequently,  and  under  jMDculior 
conditions,  with  aged  and  cachectic  persons  also  b<-t  lin- 

ing surface  of  the  bmin  and  tho  dunv.  ,  .  .  The  i  un«* 

into  which  this  discovery  of  Cetugno  lapsed,  proves  in  a  aingolnr 
degree  how  difficult  it  Ia  for u  well-domonatrated,  tx t  i  :  f.^^^ 
troth  to  make  lis  way  in  the  wurld  of  science.  jta 
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r^  Stiraintfrijig  knew  no  moiv  nhcjul  the  cerobro-spinal  Hqtiid  than 
wlmt  is  contained  in  his  expression  that  between  the  awchnoidea 
and  the  pia  mater  then)  i8  often  discovered  a  phlegroy  water.  By 
Bichat*B  doctrine,  accon!ing  to  whirh  the  nnwhnoidea  is  a  dosed 
serous  ftaok,  aniilogous  to  the  remfiiniiij;  serous  membranes  of  the 
body,  the  attention  of  the  learned  was  diverted  fmra  Uie  subarachnoid 
Bpaoee  and  their  contents,  and  directed  mainly  to  the  so-calletl 
arachnoidal  »ack  into  which  thoy  endeiivoure^l  to  place  Uie  normal 
a>t  well  OS  the  morbid  secretion  of  the  amrhntiidea.  .  .  . 

"  The  cerehnMipinal  fluid,  as  a  normal  formation  which  ronfltanlly 
occurs  in  life,  had  tn  be  diseoveretl  aiiew,  nnd  this  was  t^ono  by 
Maffrntiir,^  Ho  moreover  demonatrnted  tliat  thia  fluid  on  the  surface 
<d  the  brain  nnd  the  spinal  cord  is  contained  under  the  arachnoidea 
in  the  subarachnoid  spaces;  and  he  Hhowetl  ))y  exiH'riinentp  thai  it  ia 
under  a  positive  jvressure,  and  in  a  eonstaiit  stale  of  motion  in  cou- 
iiBction  with  respiration.  The  ftubarnchnoid  spaces  themselves  he 
explored  mort*  minutely  than  any  one  before  him,  and  most  observers 
after  him.  The  additional  points  which  lie  eatablished  are  chiefly 
these  :  That  the  above  fluid  fills  Uie  cellular  vascular  tissue  between 
the  pia  mater  nnd  the  anudmoiden  not  only  in  the  sulci,  but  also 
around  the  surfaoo  of  tlio  ccrcbnira  above  tlu'  convolutions.  That  at 
the  base  of  the  brain  it  extends  over  its  whole  surface,  but  scarcely 
enters  beyond  the  convolutions.  Tliat  all  cranial  nen'es  as  for  as 
ihoir  egrofis  through  Uio  dura  mntcr,  are  1)athnd  by  it  In  certain 
places  of  the  surface  of  the  brain,  according  to  him,  the  liquid  is 
collected  in  larger  quantities,  which  places  he  called  'confluents.' 
He  assumed  four  of  these  ])lac<?8 ;  the  first  or  juMttfru/r  confluent, 
'the  most  important' — Swedenlwrg's /r/rum — is  situated  below  and 
behind  the  cerebellum.  The  s<wond  or  inferior  lies  before  tlie  pons 
Varolii  and  between  the  cerebral  ]>cduuclo8 ;  the  basilar  artery  is  in 
it^  The  third  or  nupftntrr  is  situated  behind,  above,  and  on  each 
side  of  the  pineal  gland ;  and  the  fourth  or  anfrrior  is  before  the 
ehioBma  of  the  optic  nerves.  Among  these  confluents,  occutding  to 
3fogeudie,  may  also  bo  classed  the  small  liquid  masses  which  enmm- 
p4t88  the  ganglion  of  the  fifth  pair  of  nerves,  on  the  right  and  left, 
which  would  bo  the  lateral  confluents"  (L,  pp.  76,  77), 

Tht*«o  subarachnoid  spaces  are  dcscribeil  much  more  minutely,  and 
thtiir  number  has  Ik^ch  lonsiderably  Increased,  by  Key  and  Ketzius, 


1  U«gsndie  (FnnfoisX  *'  H^moire  lur  nn  liqiiiile  qoi  se  troave  dans  l«  eiA&t 
ot  le  cftiisl  vortchrjil  de  riiomme  et  ties  anitnAiix  nmmmifiTcs."  In  ''Jonmal 
d«  rii/MoIoglr  exiw^rimeiitale,"  Vol.  v..  pp.  ^5-37,     Paria.  1825.— Eihtuil 
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who  uiJGcted  heads  with  a  bhio  maes  and  then  £roKe  them.  Their 
description  is  contained  in  "Staidicn,"  etc..  Vol.  L,  pp.  DiJ-100,  nnd 
"the  largest  and  most  iiuiwrtant  of  these  spaces" — Swoduiib<Ji>{*« 
Jorum — they  deiiominntt;  tho  *'  fistcnm  magim  ceiubello-mrdulhiria." 

As  to  the  source  or  origin  of  this  1!uid,  R[agendie  deem.s  it  jirohable 
tlut  it  is  "an  exudation  or  trauspimtion  of  tho  blood-vcsaols  of  tlus 
pia  ziiater."  He  also  says  that  **  after  it  is  diechurged  or  drawn  utf, 
it  is  sfK-edily  replaixth"     Lusohka,  on   tl»w  otlier  hand,  in 

the  profaco  of  his  work  on  tho  Choroid  I'lexiisea  (pit  A  ,. ,.  ''/*; 
«/flff  jueTuschiirJien  Ochims^  1885)  that  "some  time  ago  (in  tlie  *  Aietlir 
fiir  physiologiftche  Heilkunde/  Jahrgang  xii.)  he  had  endcavounHl  to 
show  that  the  cerehro-spinal  liquid  must  not  b<*  regarded  as  an 
exudation  in  tho  proper  sense  of  that  word,  hut  that  tho  choroid 
plexuses  of  the  brain  are  related  to  this  liquid  in  the  (Opacity  of 
genuine  secretory  organs."  Tliis  ideji  seems  also  t<>  be  entertained 
by  Key  and  Retzius,  for  in  VoL  I.,  p.  107  (L  c),  they  spenk  of  the 
secretion  of  the  cerebro-apinal  liquid  in  connection  with  tlic  choroiil 
plexuses. 

Sweduuborg,  as  wo  liavo  seen,  maintains  that  this  liquid  i» 
secreted  not  only  b^'  the  blood-vessels  of  the  pia  mater  and  by  the 
pia  Uiutor  itself,  but  also  by  the  choroid  plexuses. 


b.  Relation  of  the  Cerebral  anu  Cerebellar  LtQufus. 


3.  In  our  Kote  iii,  (VoL  I.,  pp.  713-718)  wo  have  Bho^oi  fully, 
that  in  tho  living  body  tlic  valve  of  YiBU^y«?n8  presents  on  eifoet- 
ivG  Uirrier  against  the  promiscuous  mixing  up  of  tlie  cerebral 
and  cerebellar  lii[uid5;  that  is,  of  the  liquids  which  are  collected 
respectively  in  the  cerebral  or  lateral  ventricles^  and  in  the  corebellar 
or  fourlli  ventricle.  In  coniirining  this  fumhiinental  positiou  of 
Swedenlxirg's  theory  respecting  tho  h'quids  of  tl»c  brain,  we  \msv\\ 
ouraelves  on  facts  drawn  from  anatomy,  pathology^  and  chemistiy. 
The  fact  tlrawii  from  chemistry  set^nis  to  bit  oonclu:iive  in  itself,  for 
it  is  an  ocknowiodgod  fact  in  the  t*^xt-bo*iks  of  Organicnl  Chemistry^ 
that  there  is  a  radical  difference  in  the  chemical  compoeition  of  tbo 
venlricidar,  that  is»  the  cerebral  fluid,  and  the  cerebro-y[  '  '  *>  '\  H, 
the  ccrcbcllur  liquid  (see  VoL  1.,  pp.  726,  727).     This  in 

the  cbomical  coni^iusition  of  tho  two  liquids  arises  fmm  a  Ujllfiirvnci: 
in  their  function  ;  for  while  the  cerebnim,  acconling  to  Swcdenlwr^, 
through  the  ventricular  hquid,  "cores  for  the  muss  of  tlie  blood,** 
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the  rerebellum,  throttgh  ita  liquid,  "provides  for  the  subjacent  roots 
of  tlie  nerves."  Yot  in  spite  of  this  radical  lUihTt-ncc  between  the 
two  kinds  of  liqaids,  which,  according  to  Swedenborg,  amounts  to 
this,  tliat  the  cerebral  liquid  is  of  a  j^roeser  kind  than  that  which  ih 
collected  iu  the  fourth  ventriclu  (see  no,  713),  these  liquids  neverthe- 
less seem  to  communicate  under  certain  conditions — nut  in  this 
sense,  liowever^  that  the  ccrebml  liquid  is  instilled  into  the  eerobellur 
(for  thu  grosser  should  not  be  mixed  with  the  finer),  but  that  the  cere- 
bellar, that  is,  the  cerobro-spinal  liquid,  under  certain  contingencies,  is 
added  to  the  ccrebml  or  ventricular  liquid.  This  seems  to  be  Uio 
i-easou  why  the  valve  of  Vieuaaeus  drjes  not  interrupt  onlirely  the 
line  of  communication  between  the  fourth  ventricle  and  tlie  Sylvian 
aqueduct,  that  is,  why  it  serves  the  pur]X)6es  of  a  valve,  and  dues  not 
present  itself  anatomically  as  a  membrane  completely  closing  up  said 
poasigo. 

The  contingencies,  however,  under  which  the  valve  grants  a 
poes^e  to  Uic  cerebellar  liquid,  seem  to  lie  these :  Under  ordlxuiry 
circumstances,  that  is,  so  lung  as  the  conlunts  of  the  thiitl  and 
fourth  ventricJea  are  evenly  hfilaneed,  tlm  communication  between 
the  two  is  intercepted  by  tlie  valve  of  Vieussous  ;  but,  when  fur  any 
reasou  whatsoever  the  moisture  iu  the  lateral,  that  is,  respectively  in 
the  third  ventricle,  is  uhuoriually  scanty,  tlim  the  valve  of  Vieuascus, 
under  instructions  received  from  the  cerubdlum,  which  superintends 
oil  the  involuntary  or  vej^etativo  processes  in  the  human  body,  operis 
its  flo<Hl-gates,  and  admits  so  much  of  the  ocrobollar  wave,  that  is,  of 
the  c*rebro-8pinal  liquid,  as  is  requireil  for  tho  rostoration  of  the 
equilibrium  in  the  cerobml  ventricles. 

The  fourth  vonlnVle  iu  thia  case  aupplits  to  tli'-  latcml  ventricles 
ft  sorosity  analogous  to  that  of  which  Swudunbur^'  states  in  his 
"  Memorabilia,"  that  **  it  trickles  down  into  the  larger  vcntricl(,«  of 
thi'  cert^bnnn  from  the  interstices  betwi-en  the  fibres,  and  from  other 
sources*'  (see  Xoto  vi.,  no.  3),  It  is  possible  also  tlmt  the  cont^mts  of 
the  fourth  ventricle  are  bn)ught  into  i'e(|uisitiMU,  when  this  kind  of 
serosity  is  of  too  gross  a  nature,  as  it  would  uatiindly  be  when  the 
cerebnim  labours  under  certain  aHectious  or  diseases,  and  when  it 
thus  thn^atens  ti*  clog  iq)  the  avenues,  that  is,  the  various  foramina 
iu  the  system  of  the  lateral  ventricles. 

4.  In  his  eftriier  wark  on  the  bnin,  written  betwoon  1735  and 
1740,  Swedenbory  holds  that  the  liquid  whicli  coiirnirs  through  the 
lymphatic  spaces  of  the  peripheral  nerves — the  nervous  juice  or 
cerebro-spiiinl    liquid — fumishes    the   medium    tlirough   which   the 
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animal  epirit  wlach  ia  contained  in  the  interior  of  the  medullary 
nnd  nervous  fihres,  13  comhined  in  tlie  lateral  vcntriclca  with  tlie 
secretion  of  the  choroid  plexuses.  Thus  he  eays,  "In  the  lateral 
ventricles  the  spirituous  juice  or  animal  spirit  is  to  bo  mixed 
with  nervous  juice — the  rerehro-spinnl  liquid — and  this  again 
IB  to  be  commingled  Avilh  the  secretion  of  the  choroid  plexuses" 
(no.  715i). 

In  liis  later  work,  which  he  wrote  between  1740  luid  1743,  and 
which  furnishes  the  substance  of  oiu-  present  work,  Swedunbor>5 
i^noriMi  the  presence  of  the  cerebro-spinal  liquid  in  the  choroid 
plexuses  of  the  lateral  ventricles ;  probably  because  the  science  of 
his  day  did  not  furnish  him  with  sufficient  data  by  which  t<t  prove 
the  introduction  of  this  liquid  into  these  plexuses.  He  simply  Baj^s 
**  Thin,  very  soft  and  moist  timbriae  and  roots  extend  from  the  body 
of  the.  fornix,  and  arc  affixed  to  the  highest  coasts  of  the  choroid 
plexuse-s.  These  iimbrite  pour  out  the  pure  [animal]  spirit  which 
through  numerous  fibres  of  the  corpus  callosum  is  conveyed  to  its 
centre  of  rest,  the  body  of  the  fornix.  .  .  .  The  blood  is  conveyed  to 
meet  this  spirit ;  and  by  coursing  through  the  web  of  the  choroid 
plexus,  it  is  consociated  and  mixed  with  the  arriving  spirit  in  eveiy 
[>oint,  and  in  this  wise  celebrates  as  it  were  a  marriage  union  with 
its  aiiouse"  (I.,  no.  511). 

In  his  "Memorabilia,"  under  the  date  of  1748,  Swedenborg 
revives  again  his  former  theory,  and  in  speaking  of  the  eeroeitiee 
which  trirkle  into  the  lateral  ventricles  from  the  interstices  between 
the  fibres,  and  from  other  sources,  he  says,  "  A  part  of  this  eeioaity 
is  absorbed  by  the  choroid  plexuB,  even  as  a  part  is  again  theoca 
distilled  "(no!"  831). 

The  avenue  through  which  the  cerebrospinal  liquid,  the  nervoua 
juice,  reaches  the  choroid  plexuses  is  through  the  velum  interpositon^ 
which  communicates  on  the  one  hand  witli  tl\e  subarachnoid  s]>ace  ; 
and  on  the  other,  according  to  Key  and  Retzius,  "  enters  into  a  most 
intimate  conjunction  with  the  Mower  leaf  of  the  choroid  plexuses  in 
tl»e  lateral  VLmtrioles"  {  see  Vol.  L,  p,  603,  ei  Attq). 

That  there  is  such  a  communication  between  the  choroid  plexuses 
of  the  lutomi  veutrii-lca  and  the  BulKUuchuoid  space,  is  jiroved  by 
the  experiments  instituted  by  M.  S6e '  and  Quincke.  The  former 
says,  "  By  experiments,  wo  learn  abuniLontly  that  the  liquids  \A  the 

I  S4e  (]o  (loctour  Marc).  "Sur  U  commuuicAtion  ties  c&rit^  TuutriciiUir««  de 
reno^phale.**  In  *'Bovue  m(iD«ueIIe  de  HtfUeciite  et  Chinu-gic,"  Vol.  Til.  for 
1879  ;  pp.  302-306.     P»ri/i, 
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sabaraohnoid  spaces  are  able  to  ]>enetrate  into  the  cerebral  ventricles 
by  filtering  through  the  pia  mater  acrosa  the  middle  portion  of 
the  Urge  fissure  of  Biohat^  ....  In  those  caeea  where  the  experi- 
ment hns  boon  perfectly  snccessfnl,  the  colouretl  Hquid  ifl  found  in 
the  cerebral  ventriclea  and  in  tlie  Aqueduct  of  Sylvius,  and  an 
nccnmulation  of  the  coloured  maaa  is  noticed  in  the  velum  inter- 
positum  and  in  the  cUortiid  plexuses.  But  tlie  most  instructive 
cases  are  those  where  for  some  reason  or  other  the  injection  has 
rexnnineil  incomplete,  because  then  you  ore  able  to  trace  in  some 
measure  the  course  of  the  liqui<l,  and  the  road  which  it  has  followed. 
It  thua  has  ropeAtedly  happened  to  me,  to  find  the  velum  iutorposituiu 
dyed  blue  throuf^huut  its  entire  thiokne^  ami  the  middle  and  lateral 
vexitrieles  fillwl  willi  the  injected  liquid,  without  the  least  particle  of 
the  dye  havin;^  penetrated  into  the  fourth  vimtricle," 

Qifrn/'A'e,*  who  injected  an  emulsion  of  vermilion  into  the  sub- 
arachnoid sjmce  of  the  bmins,  of  living  dogs,  states  as  the  result  of 
his  experiment :  "  TIk*  lateral  ventricle  seems  also  to  communicate 
with  the  bubarachnoid  space  in  the  nuighbourhootl  of  the  Vena 
magna  Galenl,  where  the  subarachnoid  tissue  is  more  loose  (the 
•confluent  sup^riour*  of  Mnycndie) — M'hich  place  must  not  be 
confounded  Avith  the  'foramen  of  Hichat,'  thro\igh  which  a  com- 
munication used  to  take  place  with  the  subdural  space  pro[>or ;  for 
tlxis  foramen  is  an  artificial  p^Mluct.  ....  How  the  vennilion  in 
three  cases,  aft«r  subarachnuidol  injections,  found  its  way  into  the 
epithelia  of  the  choroid  plexuses,  I  am  unable  to  state  with  certainty. 
It  accumulated  there  so  copioiisly,  that  to  the  naked  eye  the  plexus 
appeared  totally  dyed  red ;  in  the  connective  tissue  stroma  of  the 
plexus  the  vermilion  was  found  only  here  and  there,  in  stray 
lymphatic  corpuscles." 

That  the  cerebellar  or  cerobra-spinal  liquid,  under  certain  conditions, 
mixes  with  tl»e  cerebellar  or  ventriciilar  liquid  which  contains  the 
<*]ementa  of  the  white  lymphatic  blotwl,  follows  from  this  general 
j)osition  of  Sweden  berg's  theory  of  the  cerebro-spinal  liquid  j  namely, 
that  the  various  lymphs  and  perosilics  wliieh  imss  under  this  name 
aw  all  contained  in  the  first  place  in  the  red  blood,  and  that  they 
are  derived  thence  through  a  resnlntioa  of  the  blood  into  its 
wmstituent  elements,  in  the  substaiuf  of  the  bmin.  As  the  cerebral 
and  cerelx-'llar  liquids  are  tliua  derived  fmra  the  same  original  source, 

"  Quincke  (Dr.  H.).  "Zor  Phynologio  dor  Orebrraiiinalfliiarigkeit.*'  In 
the  "  Archiv  Air  Arutomia,  PhyMologic,  and  vismuohiftliche  Mvdicin."  fur 

1872.     Hi-rHn. 
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they  are  able,  uudor  oertaiu  contlitioiis,  to  be  uf  assistance  to  each 
other,  and  thus  to  be  comniinglpd. 

6,  Conceruing  the  discharge  of  an  infocttd  sorosity  from  Ujc 
lateral  ventricle^  Swotlenborg  says,  that  "  it  is  ouutted  through  somo 
ajKjrturea  and  ]>a8anges  whicli  are  not  j'tit  diptcovnro^l  ;  for  wherever 
there  is  a  liquid,  there  also  arc  duct*  or  asylums  for  the  evocuationa  " 
(eoo  Vol.  L,  Note  iii.,  p.  759).  Such  an  "asylum"  or  place  of 
evacuation  MU'tzieirtthj'^  dipcovereil  by  liia  injections  in  the  descend- 
ing comu  of  the  lateral  ventricle  where,  according  to  his  statement, 
"the  fissure  through  which  the  commuuicatiou  between  the  lateral 
ventricle  and  the  suburaclinoid  space  is  cffectcJ,  extemla  from  the  cor- 
pora quudrigemina  to  the  gyrus  uncinatus  "  (see  »bove,  Vol.  I.,  p.  758). 

This  same  "  asylum  "  \&  also  pointed  out  by  M.  S^e,^  who  statoa 
that  a  communication  between  the  lateral  ventricle  and  the  sniv 
arachuoid  si)ace  is  effected  through  the  "  desccuding  coniu"  of  the 
ventricle.  He  says,  moreover,  that  the  area  of  this  communication 
"  is  not  as  large  as  that  of  tho  velum  mtori>ositum."  Nevertheless, 
he  adde,  **tho  injection  of  the  velum  inteipositum  sometimcii  wn* 
less  complete,  while  at  the  same  time  the  impregnation  of  tlie  pia 
mater  with  a  soltition  of  Pnissian  blue  could  easily  1h?  traced  across 
the  descending  coruu  of  tliu  latci*al  ventrichjs.'* 

Tho  final  excretion  of  this  vitiated  aorosity  takes  place  into  the 
venous  sinuses  of  the  dura  mater,  througli  thn  mediation  of  the 
Pacchionian  eorpuHcle« ;  conceruing  which  see  bel(»w,  no,  35. 


c.  The  Fqvrth  Ventricle  and  its  Co m^/un/c at/ox 
tt^/TM  THE  Subarachnoid  Space. 

6.  Concenung  the  chauncls  by  wliich  the  censbellur,  that  is,  the 
cerebro-spinul  liijnid  is  discbargwl  from  the  fourth  ventricle,  Swcdeu- 
borg  says : 

"  In  respect  to  tho  excretory  duct  of  the  lymph  contained  in  tho 
fourth  ventricle,  this  ventricle  indeed  lias  no  outwanlly  vimble  dttct 
of  this  kind,  as  is  tlic  c^se  with  the  cavities  of  oth)*r  glands.  But 
from  tho  fact  that  tlie  connection  between  this  voutriclc  and  the 
double  lamina  of  the  piii  zuator  is  interrupted  by  clefts,  it  appcon 
that  thiM  lymph  is  oxprejwed  and  excreted  betwe*'n  the  duplicuSuiv, 
tluit  is,  between  the  piu  muter  and  tho  orachnuid  membninuu     For 

>  Miuntiowaki  (Dr.  J.).    "  DU  Tvalrikel  des  GeHrns."    In  Uto  '*  OeatnlbUU 
rur  die  metlidniikihen  'W'l»Kait(i!tiAft(>ii/'  Suptenilier  2d,  IS7S.     nerlin. 
^   "Op.  ritdt.."  p.  SO'.'.  *t  •rff. 
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the  interior  lamina  of  the  pia  mater — t.r.  tho  pia  proper — inve&ta 
Llie  ventricle  iteelf,  while  tho  exterior  lamina — the  nrachnoidea — 
passes  nrr.uiid  over  it ;  and  tht*  duplicaturfi  nppoai-s  ifmarkably  thick- 
set and  voluniinuus  nround  the  U'rminue  of  th<.'  raiainus  scriptorius, 
80  that,  according  to  Kidley't)  oheervation,  ill  droptticol  subjevta  it  is 
found  tnrgid  with  serum. 

"  It  follows  lieuce,  that  tho  lymph  of  this  cistern  and  of  thn  choroid 
plexus  ifl  dificharRcd  into  tlie  dupUtature  botwcon  the  pia  mater  and 
tho  arachnoid  membrane,  iind  that  tlienci*  through  the  continuous  and 
ciiBt<jmary  ducts  and  follicles  of  tlie  aruchiioid  membnmu  it  is  <lerived 
t^specially  into  the  posterior  part  of  the  medulla  oblongaUi,  wliere 
tliat  membrane  floats  aKmt  quite  thickly  and  looeely"  (no,  714). 

Swcdenborg  speaks  hen?  plainly  of  n  cML  at  the  terminas  of  tlic 
calanuis  scriptorius,  thrtmgh  winch  the  contents  of  the  fourth  ventricle 
are  ilischarged  into  tho  suhftrachnoid  space.  Tlie  existence  of  this 
deft  or  foramen  is  now  beginning  to  W  admitted  in  our  text  books, 
and  by  Luaclika  was  calleil  the  foramen  Mn^'cndii. 

iVn  opening  from  the  fourth  ventricle  into  the  subaraclmoid  8])aco 
was  already  known  to  llidler;  for  in  Vol.  iv.  of  his  "Elementa 
Phy»ioloj,n"a',"  etc.  (Lausanne,  1757-1776),  he  saya,  **\Vlicro  the 
choroid  plexus  [Misses  out  of  tl»c  ventricle,  wftt<.T  easily  makes  a  way 
for  itself  into  the  space  which  surrounds  the  spinal  cord"  (p.  77). 
This  ojifnin^,  howi'ver,  was  denied  aj^iiin  by  A.  Monro,  who  said  in 
his  '*  Obsen'ations  on  the  Structure  tind  Functions  of  the  ^en'ous 
System,"  in  1783,  ''The  bottom  of  tho  fourth  ventricle  has  no  such 
communicationB  with  the  cavity  of  the  spinal  marrow,  as  Dr.  Ilallcr 
supi>ose<l,  \ye\i\^  compl<'tely  shut  by  the  f^huriiid  plexus  and  pia  mater  " 
(chap,  iv.,  section  1). 

Ma^endie,  whoso  laltours  in  conn<'f'tinu  with  the  cerehro-spinal 
liquid  iKjgan  in  1825,  demonstnited  beyond  any  reasonable  doubt  the 
normal  existence  ut  tho  extremity  of  the  calamus  scriptorius  of  that 
opening  wliich  was  Hrsl  pointod  out  by  Swcdenborg  in  1743.  His 
iloMrription  of  this  foi'anien,  as  given  by  Key  and  RetKius,  is  as 
follows :  "  Maf*endie  disaivored  a  n:'id,  constant,  and  normal  ai)ciiure, 
through  which  the  cerebro-spiual  lluid  peqietuolly  jtnsses,  in  order  to 
enter  and  leave  th«  fourth  ventricle.  This  ajH-'rluTe  is  situated  at 
the  lower  extremity  of  tho  fourth  ventricle,  whirh  by  tho  older 
niutomistd  was  cidlcd  the  calamus  scriptorius.  In  onler  to  convince 
yotuvclf  of  the  existtinco  of  this  o]>ening,  aU  you  liavo  to  do  i«  to 
i-niite  a  little  the  eilges  of  t)ie  inferior  vcrmiforiu  proces?  of  the  cere- 
bellum, iind  ilraw  them  apiirt.      AVitliout  toarin^  luiy  of  the  tissues 
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whereby  the  vessels  of  tliis  portion  of  tho  cerolxsUum  nro  aitadied  to 
the  pia  mater,  yon  will  them  see  iin  actual  inlet  terminnting  in  the 

fourth  ventricle,"  otc-,  (see  ftbovo,  no.  70^*). 

Iji  anotlier  phico  the  SwodiBh  authors  givo  an  account  nf  i])o 
fflibflcquont  history  of  this  foramen  uftt'.r  its  existenre  hud  bcon 
«stablish»>i.l  by  JIrtgen<lie.  They  tmy,  *'  If  Mngendie*«i  dot'trine  of  th^ 
<serebro-apiniil  flnitl  and  of  tlie  placo  it  wcupiea,  only  very  slowly  and 
gradually  camo  to  he  acknowlegod  by  the  learned,  his  dewmption  of 
the  foramen  under  discussion  met  with  still  fi^roater  opjx»3ition  at  their 
hands.  EekcT  ^  and  Omveilhicr^  it  is  true,  declared  themeelre* 
entirely  in  favour  of  ita  normal  oxintonce,  and  Lwnrhka^  gave  u 
minute  description  of  this  foramen  «ccompanip<l  by  a  plate,  which 
agrees  on  the  main  with  that  furnished  by  Magcndie,  in  whose 
honour  he  teriiu'd  tbo  aperture  *  foramen  Magendii  ; '  >Y»7^*n;7*  also 
sidcil  completely  with  tliese  authors.  Yet  their  amte<l  voicen  coaM 
not  prevail  on  the  learned  to  acknowledge  openly  the  existence  of  Uibb 
foramf^n  ;  altliou^'h  here  luid  there  you  would  moot  in  text-lnxtfcs  with 
a  confirmatory  statement  of  its  act\ial  existence.  Kmvjt^  ^  declarcss 
that  the  fourth  ventricle  is  closed  bcliind  by  the  pia  mater,  and 
J?**iV^t/T/ ^  asserts  most  i)03itivcly  tlmt  this  aperture  is  entirely  artificial, 
and  that  its  origin  is  due  to  a  tearing  of  the  tissue  in  removing  thn 
brain  out  of  the  cranium.  AVIibu  KOlIUctr'^  also  ofiaerbod  tiiat  this 
foramen  is  not  a  natural  aperture,  he  no  iloubt  contributed  much  to 
the  spread  of  the  oppOHitc  doctrine.     More  recently  yAWf  *  d'.*.«cribed 

*  Eckcr  (A.).  "  Uelwr  die  Cerebrospimilfliissigkeit."  In  '*  Arehir  fur  pliyri- 
ologischc  Heilkunde,"  Zwciter  Jalirg&ng,  1S43. 

'  CruveiUuor  (J.).  "Traits  d*Anatomi6  descriptire."  Enghob  tranftUtiou. 
London,  1842. 

'  LuBchkft(T.  H.),  "Die  AddrgeflechU  dcs  meniicbUchcu  Goliinw,"  Dcrliu, 
1858.  Alfto  in  a  later  article,  "  tJeber  die  Commimication  der  vierten  Hirwhohlo 
mit  dera  Sabaz^chnoidalrauniG  ;"  to  "  ZdUchrifc  fllrrationeUeMedloin/'diitte 
R«ibe.  Band  ill,  1S59. 

*  Stilling  (B0<  "  Untorsuchungcn  tibcr  den  Bau  dea  klcincn  Gehimt  dat 
Mon»cben."  Ciuisol,  1870.  In  tbu  explanation  of  tbo  pUtes.  (Platen  &,  6^ 
and  8.) 

*  Kraiisc  (C).  '^Handbuch  dfir  m«ns(?blichen  Anatoraift.'*  SdooDd  edition, 
Vol  i.   Hanover,  1843. 

*  I(#icbtTt(C.  B.).  "DerBaadosmoaachltrbetiGrhims."  Zn*«U0  AbtJiidlonjC. 
Leipzig,  18<}]. 

'  KuUiki^r(Alb.).  "H&xidbuchdorQcwehelAhndnllflUohcn."  Fifthvditiau. 
Leij^ig,  ]8rt7. 

^  HfnIt><.T.),  "  HfLnilbuohdorHyHtflinatJwbon  AnatoudediwMviioben."  lUud 
iii.     Bmuni»cli\vcip-  1?71. 
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lliifl  foramon  briQfl>%  and  dolini'aleil  it  ui  full  hiimiony  with  ^lagimdic, 
Lnschka,  and  Stilling ;  but  as  liis  sketch  is  not  supported  by  iDJuctions, 
tlto  tmruo  obJGotionB  may  bu  ruiso^l  to  luis  pro^mtjitton.  Wt — ^e"^ 
und  Rotziud  ^ — domonatrntcd  by  injectiuiis  nmdo  frum  the  sub- 
anchnoid  epaces,  ad  well  as  fn.im  tho  ventricles,  tluit  tho  furaiuuu 
Mogendii  is  indeed  not  an  artiticia]  product  cauflod  by  a  laciM-atioii 
mid  bursting  of  the  tibsue,  as  asscrtod  by  Ruiohcrt ;  and  this  we  proved 
by  means  of  congealing  injections  which  furnialied  complete  casts  of 
the  foramen  and  thu  Burrouudinif  spaces"  (i,  p,  113). 

8ijico  the  publication  of  the  roailts  which  were  obtained  by  Key  and 
Rntziun  by  their  injections  (concerning  which  see  above,  no.  704/),  a 
de-scription  of  the  foramen  of  Magundie  has  gradually  found  iU  way 
into  tho  leading  text-books.  Thus  we  read  in  tho  eightli  edition  of 
Quain's  "Klenit-nts  of  zVnntomy,"  published  in  1 876,  "At  the  lower 
cud  ()£  the  [fourth]  ventricle,  there  isi,  as  waa  jisi^erUiincHl  by  Mw^'ondie, 
a  narrow  orifice  in  the  membn\ne  by  wtiich  tlie  cavity  communicates 
with  the  subaraclinitid  space  "  (ii.,  j).  513).  And  in  Uic  ninth  edition 
of  18(12  we  n.'ud,  "The  t»uburuchnoid  apace  communicatee  with  the 
ventricles  of  Uie  brain  by  means  of  tlie  foramen  of  Magendie,  tho 
opcnin;;^  into  the  lower  part  of  the  vtmtriclc,  through  the  pia-matrul 
expansion  (tela  choroidea  inferior)  whieh  clost^s  it"  (ii.,  p.  376). 

7.  Other  authors  again,  while  admitting  the  genuineness  of  the 
foramen  of  Mageudio,  seem  difiiuclined  to  allow  it  Umt  im^Kjrtance 
which  is  claimed  for  it  by  Magendie,  ami  Key  nnd  Ketzius.  ThuA 
M.  Si>e,  in  communicating  tho  results  at  which  he  arrived  iu  exjieri- 
menting  upon  this  foramen,  sayis-  *'  If,  aft«r  placing  tlie  brain  on  its 
convex  surface,  you  tear  llie  unichnoid  mt'inbranu  which  pasKea  from 
the  curebellum  to  the  bulb  of  the  mf.Hlulla  oblongata  ;  and  if  you  then 
raise  slightly  the  latter,  you  will  «t  first  discover  under  the  anictuioid 
membrane  a  considerable  quantity  of  connoctivo  and  voeeular  trabeculaa 
ext«nding  in  on  irregular  manner  towards  both  organs.  Afterwards, 
more  deeply,  you  will  observe  a  snndl  lamina,  irregidar  in  form  and 
cellular  in  appearance,  which  extends  from  the  edges  of  the  rhomboidal 
sinus — calamus  scriptorius — as  far  as  the  amygdalaj  of  the  cerebellum. 
This  lamina  where  it  is  insc^rtt'd  into  the  ccrobellimi,  ^Kissesses  at 
firat  considemble  reajsting  power,  but  gradually  as  it  approaches  tho 


^  Axel  Key  aiid  Oustar  Bebdas.  '*0n  tho  Comnmnirjition  of  th«  Ventrides 
of  tbu  Brain  with  thr  Subarachnoid  Spaces."  In  "  Nordi^t  M«diciii)»kt  Arkir," 
Vol.  vi.,  no,  5,  1871. 

*  S^  <1ci  Dr.  More).  *'Snr  lu  romnmnicHtion  iIhh  i<nvit^  Tentricalairr«  de 
r«DC^«lc."    In  "  RcvQc  mcn»uclU%**  rtc     Piiria,  \%1\). 
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point  or  beak  of  the  caloraiiR  scriptoriiis,  whem  oniinarily  an  aperturo 
— tho  foramen  of  Marfenffte — is  oWrvetl,  it  Incomes  more  and  more 
nttenuatcd.  This  fommon  is  of  very  vaiiablo  diuieiisioiii?;,  and  eeeiue 
to  bp  only  ono  of  tln^  I.-icimie  loft  1)€'twwn  tho  connective  fasciculi  of 
the  lamina.  There  is  nothing  regular  abuut  th«  edges  of  this  orifio©, 
oud  when  it  is  exaniiniHl  under  a  magnifying  glass,  you  ^vill  frequently 
notice  that  thoao  t*(\^(*s  arc  continuous  with  smiill  trabecidii:  or  blood- 
veesfls,  which  are  tho  caus<>  of  the  variation  in  form  noticed  in  thia 
foramen  by  thu  authortt.  Very  often  it  also  happunti  that  tlic  lamina 
is  lacerated  to  a  greater  or  loss  extent  from  its  insertion  in  the  iutenml 
»xlge  of  the  cori>om  restiformia,  ami  indeed  in  ppite  of  all  the  precau- 
tions wliich  you  may  take  in  raising  the  bulb  of  tlie  medidla  oblongata. 
Tliis  necessarily  enlai^gca  the  foramen  of  Magvindie  ever  so  much,  or 
else  crcatoH  an  ac^-essory  opening  in  its  neighb^^urhood.  At  the  level 
of  its  lower  end,  the  foramen  of  Mugendie  aQ'ords  a  passage  to  the 
middle  portion  of  the  choroid  plexus  of  the  fourth  vontride. 

"What  is  tlie  signification  of  this  lamina  which  thus  doses 
im]M?rfectly  the  cerebellar  ventricle  lieliiud  luid  beloM'  ?  An  examina- 
tiou  of  its  structure  removes  all  doubta.  AVhen  examined  under  the 
microscope,  it  exhibits  two  distinct  strata.  The  one  wliich  is 
external  or  superficial  is  formed  of  fasciclea  of  connective  tiRstio 
which  run  in  various  directions ;  this  stmtnm  is  eontinuoud  with 
the  pia  mater  of  the  medulla  oblongata  ai»d  cerebellum,  and  presents 
the  lowest  portion  of  tliis  membrnue  which  is  cMWibvl  or  hea^iod  up 
in  a  certain  mann(M',  where  the  tAvo  organs  are  mutually  brought  into 
iuxtuposition.  Tho  other,  the  internal  or  deep  layer,  eoneistB  of  a. 
simple  stratum  of  scaiy  or  tesselatod  epitlielium  {^Mintfritmi  t^ihs* 
h'uni)^  the  cells  of  which,  arranged  in  regidar  mosaic  onlor,  contain 
voluminous  nuclei.  This  deei>  layer  represent*  tho  veniricular 
ependyma,  and  ia  continuous  with  the  epiUielial  lining  of  the  teuton] 
canal  of  the  spina]  cord,  and  also  with  that  on  the  floor  of  the  fourth 
ventricle. 

"The  constitution  of  this  ventricle  ia  thus  identical  with  that  of 
the  other  ventricles  and  of  tho  centml  canal  i»f  the  cord,  of  which  U 
is  an  enlargement.  The  ditference  only  is,  that  its  post^Tior  wall, 
during  its  ascent^  whore  tho  cerohoUum  ia  formed,  ia  conddom^f 
thicker,  while  below  it  is  almost  totally  deprived  of  nen-<iu8  «iIk 
fitonco  f  so  that  the  pia  mater  there  is  appliinl  immf**lii(tf:>ly  to  the 
ependynm.  Besides,  the  meAhea  of  the  jriu  mal'cr,  in  man,  in  the 
ncighliotirhood  of  the  point  ur  beak  of  thu  cahimus  scriptoriuii,  an 
veiy  much  larger,  nnd  in  thi»  majority  of  cases  they  fonu  an  opejuij;g 
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ilirouyh  which  Iho   fourth  ventrir-lo   communicatea  with   the  eub- 
nrachnoid  apace. 

*'  Still  it  must  not  bo  miiiposfti  tlial  this  conmiunication  is  as  large 
and  au  easy  as  it  ajj^tears  wlien  thu  Ipulb  of  the  medulla  obloiiguta  is 
miseil  Qp.  When  the  )iiirt«t  atv  in  thoir  nntnral  pcKitinn,  nnd  when 
the  medulln  oblongatji  nccTipies  the  gutter  left  for  it  hy  the  nniygrlalfl*, 
it  is  probnhlu  that  tlm  fonimen  Mii^'eiidii  is  almost  entirely  stopped 
up,  and  allows  the  pa<«age  of  a  Ii<iuid  only  nnder  the  influenco  of  a 
certain  pressure.  At  least  such  hits  been  the  result  of  uiy  ex])eri- 
menta  on  deatl  Ihjdies.  In  my  injections,  even  in  those  that  have 
succeeded  best,  I  havH  almost  constivntly  seen  tlio  coloured  liq\iid 
infiltrating  thf  piu  mater  of  the  medulla  oblongata  as  far  aa  the 
calamus  seriptorius,  and  thence  spreading  itself  over  the  ]uu  mater 
of  tho  cert'bellum  at  the  foramen  Magendii ;  so  that  tlie  liottom  of 
the  fourth  ventricle  remained  [K'rfectly  whitu"  (pp.  300-304). 

In  smnming  up  tlie  results  of  hLs  experiments  cf>nceming  the 
foramen  of  Afagendi*^,  ^f.  St^e  says,  "The  fortinien  of  Magendie  docs 
not  possess  that  iiiip<irtance  which  \^  attributed  to  it,  and  its 
obliteration,  which  is  normal  in  certain  classes  of  animals,  does  not 
cause  any  trouble  in  the  mechanism  of  the  circulation  of  the  cerebro- 
spinal liquid  "  {p.  304). 

The  objections  of  AI.  S^e  may  be  partly  answered  on  those  grounds, 
tliat  the  [Mbisagc  of  an  ii^ection  through  the  foramen  Magendii  would 
probably  be  e^i^icr  in  a  hving  and  warm  body,  than  in  one  which 
is  dead  and  cold.  Besides,  a  liquid  rushing  directly  against  tlie 
foramen  from  ^tithin  through  the  calamuB  scriptorius  would 
presumably  experience  less  difficulty  in  finding  the  ©[wning  than 
a  diffuse,  general  injection  made  into  the  subarachnoid  space; 
eej»ecially  if,  according  to  Quincke's  experiments,  the  foramen  in 
question  does  not  admit  in  the  bring  body,  and  thus  in  a  natural 
state,  any  liquid  into  the  fourth  ventriolo.  His  language  is:  "Tliis 
negative  result  shows  that  it  is  imjjossiblo  for  a  current  of  this  liquid 
to  take  ploce  into  the  ventricles ;  just  as  little  as  there  is  an  alternate 
influx  and  eftiux  «»f  this  liquiil,  caused  us  a  collateral  result  by  the 
flux  of  the  rorobro-Hpinal  fluid  under  the  influence  of  respiration. 
If  wo  must  still  admit  an  opening  in  the  posterior  part  of  the  fourth 
ventricle,  tliere  rfmains  now  only  the  jM.»«iibUity  of  thy  flow  of  n 
liquid  i\%d  o/the  fourth  ventricle;  which  possibility  U  supported  by 
the  opinion  of  those  anatomists  accohling  to  whom  tho  choroid 
plexuses  are  organs  of  secretion"  (Q^>,  ri7.,  p.  172). 

8.  In  addition  to  the  foramen  Mogcn^Iii  at  the  extremity  of  the 
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columiu  acriptoriua,  Luschka  discovered  two  lateral  openings  leading 
from  the  fourth  ventricle  into  the  subarachnoid  spaces,  liis  descrip- 
tion is  as  follows  :  *  "On  either  side  the  outer  angles  of  the  fourth 
ventricle  assume  the  form  of  a  gutter  leading  outside,  whcrvb^*  thu 
lateral  portion  of  the  choroid  ploxua  poisses  outride  of  the  fourth 
ventricle,  while  the  arachnoidea  stretches  freely  over  the  place  ill 
question.  The  fourth  ventricle,  therefore,  by  ita  exterior  angles,  ha» 
an  open  ojmraunication  with  the  subarnclmoid  siwue.  The  hiatus, 
however,  where  the  pia  matter  passes  over  into  the  ependyin*, 
through  the  lateral  portion  of  tlie  dioroid  plexus  of  the  fourth 
ventricle,  is  so  much  contracted  that  only  a  narrow  slit  romaiiu^ 
which,  nevertheless,  is  sufficiently  anijile  to  grant  an  entrance  here, 
under  the  aracluioidco,  to  a  liquid  wliich  is  injecteil  from  belovr  with 
a  tubulus,  the  tela  choroidea  inferior  still  being  fully  prestjrvwL 
This  anatomical  fact  is  of  considerable  importance,  licivmse  in  some 
animals,  for  instance  the  horse,  the  lower  extremity  of  the  fourth 
ventricle  is  completely  closed  up,  in  wlii^h  case  the  exterior  angles 
of  this  cavity  are  the  only  means  whereby  a  cnmnuinicatiou  may  bo 
effected  between  the  fourth  ventricle  and  the  subonichnoid  spAc«i." 

The  existence  of  these  lateral  foramina  of  Luschka  has  been  fully 
confirmed  by  Key  and  Retziua  (see  above,  no.  704/) ;  it  is  also 
acknowledged  in  the  Ninth  Edition  of  Quain's  "Klomcnta  of 
Anatomy"  (1882)  in  those  words:  "Two  other  openings  through 
the  tela  choroidea  inferior  exist,  one  on  each  side  behind  the  upper 
roots  of  the  gloaso-pharyugeal  nerve,  in  the  pouch-liko  extonsiou  of 
this  membrane  beneath  the  flocculus"  (ii.,  p.  376). 

M.  S^e,^  while  admitting  the  existence  of  these  lateral  foramimi 
and  giving  an  exact  description  of  the  same,  impugns  the  fact  »{ 
Uieir  being  the  chief  outlets  of  the  fourth  ventricle,  oud  iuileed  on 
the  same  grounds  on  whidi  he  opposes  the  idea  of  tho  foramen 
of  Magendie  being  rcgardetl  in  this  hght.  His  d<*criptiou  is  as 
follows:  "At  tho  level  of  the  lateral  angles  of  tho  foiulh  ventricle, 
the  coi\juDctivo-epithelial  lamina — the  tela  choroidea  inferioiw.|« 
prolonged  outside  us  fur  us  the  f)e<licle  of  the  flocculus,  whiire  its 
coujuuctivo- vascular  portion  is  vontiuued  iuto  the  pia  muter  of  tho 
cerebellum.  Tliere,  just  as  at  the  lower  angle  of  tho  rmitriclov 
appwra  a  very  neut  lucunu,  in  the  fonu  of  n  cleft,  whicb  allows  a 
piBBige  to  the  latenU  iH>irtiun  of  tlie  choroid  plexus  of  ihe  fourth 
Tentrido,     Immediately  after  its  passage  outside  of  the  veutricli^ 

»Lu«chk*<v.  H.).     ••AJCT8««*»chl«,**»t<;.   Bcrhu,  1855. 
»  "Op.  cital.."  p.  802. 
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this  plexiw  becomes  enlarged,  and  finally  tcrminatea  in  the  form  of 
a  swollen  club-lilie  extension,  which  plunges  into  the  su'barachnoid 
space  and  covers  the  nwtri  of  the  gloeso-phar>ngwd  and  pneiuuo- 
{jastric  nLTvee.  In  addition  to  the  foramen  of  Magnndic,  the  fourth 
ventricle  thus  preseiita  two  lateral  orificea — tho  foramina  of  Liisolika 
— which  in  a  Lku  luaiiner  are  travereeil  by  a  prolongutiun  of  tho 
choroid  plexuses,  estiihlisliing  hy  the  same  means  contmunicationa 
between  the  ventricular  cuvity  and  the  suhurachuoiil  fl|«iee.  The 
same  considerations  apply  to  these  lateral  nperturcs,  which  above 
[in  no.  7]  were  made  in  connection  with  the  lower  orifice,  that  is, 
the  foramen  of  Magendie." 


d.  The  Central  Canal  of  the  Spinal  Cokd, 

9.  Swedenborg,  us  we  have  shown  in  the  last  section,  was  well 
ac<|Uftinted  with  the  apcrtnro  at  tho  lower  extremity  of  the  fourtli 
ventricle,  whicli  is  known  as  the  f<»pamen  of  Magendie.  His  theory, 
however,  ia  not  satisfied  with  one  class  of  foramina  only,  through 
which  the  cerobro-«pinal  liquid  is  conveyed  simply  into  the  sub- 
arachnoi<l  space.  These  foraminti  answer  for  the  cerebellar  iUiid  after 
it  is  mixed  with  the  grosser  serum  secreted  from  the  choroid  plexus, 
which  mixture  constitutes  the  cerebro-spimU  liiiuid  [iniper  or  the 
subarachnoid  fluid.  A  more  refined  kind  of  liquid,  however,  circu- 
lates in  tho  spaces  by  wliich  the  individual  fibres  in  the  medulla  uf 
the  cord  and  in  the  de^xutiug  nerve-roots  are  surrounded.  Thia 
more  refined  kind  of  liquid  distils  into  the  fourth  ventricle  out  of 
the  peduncles  or  processes  of  the  lerebelluin  ;  and  in  order  to  convoy 
it  into  tho  interior  of  tho  spinal  cord,  another  foramen  is  requirt?d 
which  leads  from  the  fourth  ventricle  immediately  into  tho  medulla 
of  Iht!  cord.  On  tliis  account  Swedenborg,  after  describing  the 
aperture  in  tho  lower  part  of  the  calamus  scriptorius  through  wliich 
there  is  a  discharge  into  tlio  subarachnoid  space,  says:  "Whether 
there  be  atill  other  chajinels  for  the  discharge  of  the  lymph  [from 
the  fourth  ventricle] ;  namely,  whether  such  a  channel  oj^-n  imme- 
diately from  the  calamus  scriptorius  into  the  medullary  portion  of 
the  spinal  cord,  to  my  knowledge  has  not  yet  been  discovured. 
For  this  purjKiee  the  fourth  ventricle  is  contracted  into  the  narrow 
form  of  0  goosB-quill"  (na  7H). 

10.  A  cavity  of  this  description,  which  ruiw  through  the  interior 

of  Uio  apinal  cord,  according  to  Swedenborg,  is  not  onlj'"  required  for 
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ministenug  propurly  to  the  uses  of  the  cercbrospLiml  liquid )  but  mH 
for  enabling  tlio  Bpinnl  conl  to  gu  tliix«uj^h  ila  •juuenU  8\>taltic  and 
iliiistaltic  niotiou  ui  coiuicctiou  with  tlit*  eurebrum  uud  coircljellutu  ; 
so  thnt  a  hollow  axis  in  the  interior  of  the  Bjuniil  conl,  which  J** 
continued  to  the  cereheUuin  and  cerebrum,  13  a  re<]nircmcnt  olao  of 
Sweduuborg's  theory  of  the  movement  of  the  brain.     On  thie  sulject , 
he  eaye,  *^  If  any  one  examines  the  form  of  tho  oorobram  more  { 
tliorouglily,   and   if  ho   contemplates  it8  members,  unfractutiaatie^ 
protubemnces,  cavities,  and  parta  under  one  giize,  he  easily  re^ctgnisea 
thai  oU  things  in  it,  in  general  and  in  particular,  are  formed  in  agre^-  { 
mont  with  the  inmost  laws  of  nature^  bo  as  to  bo  in  a  perpotuol  elAfta 
of  motion.     For  there  are  in  it  axes,  centres,  poN^t^  or  agnin,  luger 
and   smaller  ff5'n*a,  which  furnish  it  with  power,  and  which  have 
this  effect,  tliat  the  cerebrum  undergoes  ita  ultenmte  motion  a«  it 
were  spontaneously  and  naturally,  without  any  etfort  at  ux])niX8ioD 
nritl  onnBtriction. 

"  There  are  two  axe4 — the  longitudinal  and  the  trunaverse.     The 
lonfjUuditial  axuf  runs  through  the  middle   of  the  cerebrum    and 
Uie  moduUa  oblonjs'atii ;  from  the  septum  lucidum,  under  the  body 
uf  the  fornix,  tliruugh  the  third  ventricle  and  the  aqueduct  to  tho 
fourth  ventricle  and  the  calamus  suriptorius,  and  sometimes  further 
into  certain  ravitiea  of  tho  spinal  marrow  on  the  Ivick  ;  there»  be«ide%  , 
it  ia  inflected  and  coutinued  through  the  anterior  fissure  of  the  aaiuv  j 
spinal  cord  down  to  the  cauda  e({uina.     This  axis  ia  hollow,  and  IM 
interrupted    I'y  cortiiin    obstructions  or  srpta ;  aa,  for  instance^  ftt 
either  end  cf  the  tliird  ventricle,  then  again  by  the  valve  of  VieuaeeiUt 
and  afterwarils  in  several  other  pLices.     It  may  obo  bo  traced  on  tkn 
external  face  of  the  cercbnim  ;  for  instance,  through  the  deep  Hssana 
between  the  umboncs  or  tho  protuberances  in  front  of  the  bmin,  axid 
also  by  the  interstice  between  tlie  hcmisphereis  under  the  longitudinal 
sinuB.     Tlie  hxirutverne  axifi^  however,  nuis  from  the  middle  of  tha 
occipit4U  bone  Lhrough  the  straight  sinus  into  the  Uiird  Vf*ntHclA ;  < 
and  afterwards  through  the  infundibulum  into  the  ]>ituitary  gUnd,  , 
near  the  sella  turcica  of  the  sphenoid  Ixme,     This  axis  oUo  is  hollow 
and  interpolated  in  a  like  miumer.     Jtutli  axes  are  for  the  piupomr  of 
conveying  the  Hui»Is  of  th«  cerebrum ;  tlio  transverse  axia,  howevtr,  1 
for  convoying  the  spirituoua  efiseoc^s,  as  w- 11  --  »v,^  ij..,»,t  "  f^^  ^^g^ 
lOK  1044). 

In  Part  11.  <«f  tlir  prt.^8ont  work.  Swedenltori;  sav)*  in  n>ij>ect  to  ihfi 
longitudinal  axis  of  the  braist,  "  I  .s]>eak  heit?  of  the  axis  "»"  tl..  v^^l.i^,^ 
eucepholoQ  :  Tliore  is  u  cortoia  perpetual  duut  or  nuuU  1  it 


CENTRAL  CANAL  OF  THE  CORD. 


563 


tlio  fisstiro  between  the  frontnl  protnbenmces  of  the  cej-c^brtim,  thcnco 
progn*8siiig  under  the  base  of  the  foruLx,  through  the  third  ventricle, 
the  aquftthict  of  Sylvitis  ami  tho  riJrtn)n«  Rrrii)lorius,  and  emitinuod 
into  the  Rpinal  marrow,  wliere  it  projects  it^olf  fn^m  the  centi^  uj)on 
the  aurfare,  after  passing  through  the  most  trauipul  re^'ion  of  tho 
bmin.  Thfi  indiviibml  t^ri  of  tho  px^y  aubfttnnre  of  tho  crrcTimm 
hove  also  their  axes,  and  if  they  Ari*  not  <hfltinctly  markeii,  tliey  are 
at  least  traced  out  in  respect  to  the  form  and  determination  of  their 
motion.  For  it  ifl  a  constant  tmth  that  such  n  rircunigyration,  such 
a  whirl  and  motion  aa  tl»at  of  tlio  liniin,  cannot  take  placu  without 
having  respect  to  polea  and  axes.  Unless  thcHO  be  traced  out,  wc  oRk 
in  vain  what  th«^  brain,  what  ita  memberH  and  part*  are  doiup — where- 
fore I  luive  expended  idl  my  lidxmr  on  thoir  explnmtion"  (H.,  no.  199), 

Immodiatoly  afttTwnrda  our  author  says,  "It  is  a  geometrical 
canon  tlial  whore  there  art*  polea  and  axes,  th^re  also  is  spiral 
Auxion  ;  and  that  where  there  is  a  spind  fluxion,  thi.^re  also  aro  poles 
and  axes,  and  lat^r  and  smaller  gyrca,  altogether  as  in  the  largo 
[mundane]  fi|jliere"  (II,,  no.  200). 

11.  Inapmucli  as  tho  motion  of  tho  brain — wliicli  is  Inheront  in 
the  brain,  and  not  derivetl  frtnn  the  mntimi  of  the  heart,  nor  from 
that  of  the  lungs,  idthough  it  is  synchronous  with  the  latter — is  n 
fundamental  principle  of  Swodeuborg^s  theory  of  the  brain,  which, 
as  we  have  shown  in  Note  i.,  Vol.  T.,  if*  fnlly  confirmnd  by  all  the 
fncts  of  modern  science  ;  and  ina.'uuueh  as  a  moticm  liki*  that  af  tho 
brain  which  is  spiral^  requires  poles  and  axes :  it  follows  that  the 
existence  of  a  hollow  axis  from  thn  higlu'st  jwle  of  the  rncephalon 
near  tho  crista  frontalis  and  crista  gixUi,  doA^^l  to  the  os  coccjtc  in 
the  spine,  is  a  rational  postulate  of  Swedenborg^a  theory  of  the  brain. 
Such  a  hollow  axis  govoniing  the  motion  of  tho  enccphalon,  our 
author,  in  acconlance  with  ihi!  facts  of  science  known  at  hi«  time, 
traced  to  the  further  end  of  tho  calnmus  scriploriua.  There  tho 
fldence  of  his  day  abandoned  him,  and  being  nitionally  convinced  of 
the  existence  of  sucli  a  hollow  axis  evrn  in  the  spinal  cord,  he  was 
forced  to  declare,  on  the  evidence  of  the  facts  of  science  known  to 
htm  in  1740,  tlint  in  the  sjiinal  cord  the  axis  of  the  enccphalon 
"  ppijcctfl  itself  from  the  centre  upon  tlio  surface,"  and  is  continued 
in  the  anterior  fissure  of  Oie  spinal  cord. 

How  essential,  however,  for  the  proper  accomplishment  of  the 
systaltic  ftnd  diastoltic  motion  of  the  spinid  cord,  Bwedenborg  con- 
fiidored  the  presence  of  a  cavity  in  ite  interior,  aitpear^  from  the 
following  passage :  *'  In  onler  that  the  spinal  conl  may  jiut  ox\  more 
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couvoniontly  special  or  iudividual  cliangea  in  ita  state  of  motion,  or 
tlmt  it  may  apply  itself  to  the  intlividunl  motions  of  tho  cerebrum, 
cavities  or  hollows  nre  sometimes  fonue<i  iu  the  spinal  cord  of  the 
neck  ;  sometiiuos  also  in  some  lower  parts  of  the  cord.  Wherever  « 
cavity  ig,  there  also  exists  a  better  disposittuu  for  all  tho  acta  which 
the  cerebrum  iuteuds  bo  produce  in  the  body.  Those  persons, 
oonscquontly,  with  whom  there  ore  such  cavities  in  the  spinal  conl, 
may  be  considered  as  more  apt  for  the  production  of  such  octs  tu  oi© 
voluntary  and  natural  at  the  same  time"  (no,  8H). 

The  existence  of  auch  spaces  Swedenborg  learned  from  Moi^gagni, 
and  he  maintained  that  tho  cerebellar  tiuid  of  the  fourth  ventricle  \a 
discharged  into  them.  On  this  subject  he  says  in  his  earlier  rrork 
on  the  Brain,  "The  moisture  of  the  cerebellum  ts  aiier%rards  received 
by  another  cavity  in  the  medulla  of  the  neck,  and  at  last  by  sevoval 
additioii;d  cavities  iu  the  medulla  of  the  spine.  Butj"  he  contijiuee^ 
"whether  these  cavities  arc  continuous  I  do  not  know,  and  I  eren 
hesitate  in  believhig  it"  (no.  71. V). 

In  his  later  work  on  the  Brain,  however,  the  one  now  published, 
Swedenborg  does  not  heaitute  to  express  his  belief  that  there  is 
such  a  hollow  axis  in  tho  spinal  cordj  for  "although,"  he  says,  "to 
my  knowledge  it  has  not  yet  been  discovered  whether  a  ehanneJ  for 
the  discharge  of  the  lymph  of  tho  fourth  ventricio  ope.us  immediately 
from  the  calnmus  8eript4>riu8  into  tlie  medidlary  portion  of  the  spinal 
cord.  Still,"  he  adds,  "for  this  purpose  tho  fourth  vcntricU*  is 
contmcUuI  inhi  the  narrow  form  of  a  gooac-quiU"  (no.  714).  He 
thus  is  evidently  confident  that  this  central  canal  in  the  spinal  cord 
will  some  day  be  discovered. 

12.  M&rijaijnt^^  statement,  quoted  by  Swedenborg  in  Part  I.,  no, 
803  (in  Vol.  III.  of  tho  present  work),  is  as  follows:  "  Other  human 
bodies  again  there  are,  where  in  addition  to  the  anterior  and  posterior 
fissures  of  the  spinal  cord,  there  is  notice<l  witliout  any  difficulty  a 
small  hollow  or  ainal  which  nma  down  longitudinally  in  the  middle 
of  the  substance  of  the  upper  jmrt  of  the  spinal  man'ow.  Of  thiK 
nature  was  especially  the  boily  of  a  Venetian  fisherman,  where, 
after  dividing  the  spinal  cord  from  tho  medull.i  oblongata  by  a 
transverse  section,  I  noticed,  in  company  with  Hantorini,  a  cavity 
which  idmost  admitted  tho  tip  of  the  small  finger,  and  which  wa*^ 
continued  downwards  to  the  distance  of  Jive  finger-breadtbs^  and 
periiapB  fmther,  if  any  one  had  then  had  time  tu  takv  out  the  Apiiul 

'  Mor]gApii   (J.    H.)*     "Adremria   Auiitoznin"    rL      AtdntadTenio   xir* 
Lagrden,  1740. 
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cord  fTora  tho  veptel)ml  column  to  n  grentt-r  ilistancc.  Tliis  hollow 
or  cannl  occupied  thu  muldlo  of  the  cord,  rxrept  tliat  it  wn3  nenror  to 
the  doraid  surfar© ;  the  finsuwa,  hawover,  tw*  I  could  plniidy  soo,  did 
not  renrh  to  this  cnnal.  lifvndo.s,  tho  surface  of  this  canal  and  Iho 
neighhouruig  parts  consisted  of  grey  mattor,  nor  was  there  onj'thing 
connected  wth  it  which  I  did  not  ih-cm  in  fall  liamiony  with  nature, 
except  that  this  cunnl  was  vnry  large  "  (pp,  17,  IH).  Noverthclcsa, 
Morgngni,  at  the  same  time,  roado  a  statement  to  this  effect,  that** the 
eo-cAlled  calamus  scriptorius  is  continued  in  tho  dorsal  surface  of  the 
cord  into  its  posterior  fissure." 

Tim  cxistencft  of  lliis  central  eanul  in  the  spinal  conl  was  aj^ain 
asserted  by  Portal,  and  aftcrwanls  by  Gall  and  Spurzheim,  and  more 
recently  by  Stilling  and  Wallach;*  yet  as  late  aa  1847,  in  the 
Becond  edition  of  his  work  on  Iht*  "Human  Bmin,"  SnJhj  says, 
'*  I  am  glatl  to  think  that,  notwitlistandiDg  the  opinions  of  Dra. 
Stilling  and  Wnllach,  regarding  the  existence  of  a  cnnal  in  the 
ej>inal  co^l,  and  this  in  the  groy  ftubsUnco,  my  denial  of  its  existence 
is  supported  by  the  observations  of  Dr.  Tixld,  who  sa^'s,  *  I  have  never, 
after  numberless  experiraente,  been  able  to  see  it'"  (p.  199,  <7  vw^.). 

By  tho  recent  investigations,  however,  of  R,  Wagner,-  <)\\%- 
jannikow,**  Schr<>»ler  v,  d.  Kolk,*  v.  Lenhossek,^  Lockhart  Clarke,* 
Stilling,^  Bidder,''  tlie  existence  of  a  central  canal  in  the  spinal  eord 
ia  eatabliflhe*!  Wyond  a  iloubt.  Hrtth^^  from  whom  we  quot^  the 
above  authorities,  says  on  tho  subject,  "By  the  improved  methods 
of  investigation  of  motlern  times,  and  es|>ecially  by  the  microscopical 


^  Stilling  and  Wollncb.  *'  Untenuchung  Ubcr  die  Tcxtur  ties  KtiekenmArkft.  ** 
1>ipzig,  1842. 

'  Wagner  (K.),     **Ncurol<igi9che  Uaten»uabangeQ."    Gottiugou,  1854. 

'  Ov)tj«i)hikow  (P.).  " Diwiuisitio  tuicroscopica  de  iDeduUs  spiD&lis  Ux- 
tuni."     Dorpat,  1S54. 

*  Si"!irrt<lcr  v.  il.  Kolk.  "  Anttomiiu'h-physiologiiwh  on^erroek  over  het 
5jnere  ^uucnstd  cu  de  working  van  hot  ruggomcrg."    AnutonUm.  18&4. 

^  lx*iibiL<wk  (Joet.  v.).  "  NeQ«  CTnlersuuhuQgen  iiWiiiin  TUu  de«  (vutmlen 
N«rv«*iiHy«tuu»t,*'    Wicu,  1855* 

*  CUrkH  (Lockhart).  "  Ftirther  KoaenrehM  oii  the  Orcy  Sulrttunce  of  thfi 
Spinal  CorO."  In  "Philosophical  TraiiwicliouB,"  etc.,  for  1869.  VoL  149. 
Ixtndon.  UtfO. 

'  StilUug  (B.).  "Neaer«  Untcrsucbmigen  ttbor  den  Baa  dcs  Ruckenmorfcs.** 
OmsoI,  1857. 

*  LiiddfT  and  Kapffur.  *'  Untersuobuogtm  il1)«r  die  Textnr  dM  Rtlckflnmarka." 
Leipziff.  1857. 

*  Hen1«  (J.).  "Handhu.h  der  «yrt«mati«chen  Anttomie  dc«  Monwhcn/' 
Part  in.     Hrannwdiirejg,  1871  ;  p.  43. 
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Gxaininutiou  of  thin,  horizontiil  sections,  it  has  liocn  placed  boyoDv! 
doubt  tliat  the  central  canal,  wliich  M'as  formerly  cousiderod  as  « 
formation  jwculiar  to  the  fetus,  and  which  in  adiUts  was  allowed  to 
exist  only  iu  tlic  cervical  portion  of  the  spinal  cord,  ia  of  rcgtilar 
occurrence  in  all  vertebrata  of  all  ages,  and  in  every  |)art  of  the 
spinal  cord.  A  differeuco  of  opiiuon^  however,  still  prevails  on 
the  question  whether  there  are  not  more  or  less  frequent  excep- 
tions to  this  rule.  Tlio  following  observers  admit  the  absolute 
constancy  of  the  central  canal :  Bidder  (p.  41),  Ow^uunikow  (p.  33)t 
R.  Wagner  (p.  166),  Schrixler  van  der  Kolk  (p.  51),  and  Stillinj; 
(p.  14);  and  they  are  of  the  opinion  tliat  the  nomliscovery  of  this 
canal  is  due  to  a  fault  iu  the  method  of  preparation  or  of  hardening. 
According  to  Foville,*  this  canal  ia  consent  in  children,  and  easily 
demonstrable  in  their  wise,  but  not  so  easily  in  udulls.  Kdllikcr^ 
on  the  contrary,  tirmly  niiiialHinM  that  not  unfreiiijeutiy  the  central 
canal  becomes  oblitemted,  chiefly  in  the  cen'icnl  portion  ;  in  which 
case  it  is  replaced  by  a  cor<l  of  cells  wluch  jmrtly  contain  several 
nuclei.  Among  tweuty-hve  spinal  conls,  Krt^mmanu^  found  only 
three  where  the  central  canal  was  open,  in  all  tlie  rest  there  was 
instead  an  agglomeration  of  nucleolar  cells  which  cairied  blood- 
vessels. Clnrke  (p.  455)  also  often  noticed  the  canal  tilled  up  with 
grains  or  nuclei,  which  he  supposed  to  W  remnants  of  epithelium ; 
yet  in  the  midst  of  this  irreguhir  agglomeration  of  graiits,  he  saw  thn 
horlKontol  section  of  a  simple,  sometimes  also  of  a  double  lumen^ 
lined  with  epithelium  "  (p.  43). 

8chwalbe°  says  on  the  same  subject,  "The  central  caual  \& 
frequently  found  obliterated  in  many  places  with  adulte,  especially  in 
the  cervicjU  jiortion  of  the  conl  (KoUiker).  Acconling  to  Goll  ita  ob- 
literation in  the  cervical  part  is  constant.  .  .  .  The  obliteration  is 
most  probably  causotl  by  a  cellular  material  arising  from  cpitbolium ; 
not  unfrequently  blnod-vessels  are  noticed  within  th«  range  of  the 
former  central  canaL  I  myself  noticed  an  obliteration  of  the  caual 
by  a  solid  epitheliid  j>lup,  whose  central  cells  still  exhibited  a  radiated 
arrangement"  (p.  3-14). 

'  Foville.  "Traitc  complct  de  raimtomie,  de  Ia  physiologic  et  de  U  path a> 
logiedu  systt'inc  ncrreux  ccr^bro-vpinal,"  I  pfirtie.    Paris,  \%i\  ;  p.  2Gfl. 

'  FrominAnn  (C.)>  " UnUrsucbangeD  liber  die  normale  Qcd  patholo,^achA 
AnatoTnie  des  HuckfUiiiark&."    Jena,  1864  ;  p.  62. 

»  Schwalbe  (G.).  "  Lehrbuch  der  Neurologie  ;"  Abtheilurig  2,  Band  II. 
in  Hoffmann's  "  Lchrbucli  der  Aaatomio  dcs  McnKhcn."  Second  edition. 
Erlangen,  1881  ;  p.  343. 
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TIki  deecription  of  the  contmt  canal  as  ^ivon  by  Gerfach '  is  aa 
fnliows:  "Tiie  centnil  cannl  is  not  of  a  uwiform  diameter  thmughout 
tho  cord,  for  it  presents  in  transverse  sections  an  ovidoid  outlijio  ixi 
ihe  cervical  region,  a  rounded  ono  in  the  dorsal  region,  while 
in  tlio  lumbar  region  it  has  a  moro  or  1cm  cordiform  slmpo. 
It  begins  at  the  lower  end  of  tho  fourth  ventricle,  and  extends 
in  man,  as  determined  by  Stilling,  down  into  the  r/mjw  inedul- 
iwis,  wher»»  it  approa«-*ltf>s  noar^r  and  nearer  to  the  posterior 
lonj^tudinal  Basurc,  and  HnuUy  unites  with  it  Tliis  umal  is  tilled 
in  youn^  adults  and  children  with  tho  cerebro-spinal  Huid;  but  in 
adulLs  it  is  c<impressed,  and,  espwially  in  the  cervical  region,  obliter- 
ated ;  or,  more  properly  speaking,  choked  up  witli  the  product  of 
epithelial  cell-proliferation,  which  begins  to  show  itself  doun  ofti^r 
puberty ;  at  li^aat  I  fonnd  an  evidence  of  it  in  the  conl  of  a  girl 
eigliteen  years  of  age,  T\\e  innermost  layer  of  the  central  canal  h  a 
tissue  compfjsed  of  cylindrical  epithelial  cells  which  in  children 
exhibit  vibratilo  cilia,  whicb  are  loi*l  in  later  ywirs  "  (p.  6+0). 

In  Qtuiin^  wo  reiul,  "  Extending  tlinMigli  the  whole  length  of  tho 
spinal  cord,  in  the  substance  of  the  grey  ei'mmisijuro,  there  ia  a 
minute  central  cana!,  which,  in  prepared  tran>»verso  aections  of  the 
cord,  is  barely  visible  as  a  speck  with  the  naked  eye.  8ui«riurly,  it 
is  continued  into  nnd  opens  out  nt  the  calamus  acrijiUirina  of  the 
fourth  ventricle ;  and  inferiorly,  at  the  extremity  of  the  conua 
nie4lullaris,  it  becomes  enlarged,  shaped  like  the  letter  X*  '^^ 
extends  backwards  to  the  surface  of  tlvo  cortl,  being  covered  in  only 
by  pia  mater  and  connective  tissue,  ...  It  is  more  distinctly  Been 
in  fishe-s  reptiles,  and  binls,  than  in  mauinuUs"  (11.,  p.  49G), 

1 3.  In  this  vario*l  description  of  the  centml  ranal  by  the  different 
auth(»rs,  it  must  not  be  forgotteii,  that  we  have  to  do  here  with 
the  spinal  cord,  and  thus  with  the  central  canal,  in  a  state  of 
collapse.  From  the  fact,  thr'r<»fort'.,  that  in  some,  perhaps  in  many 
ca^s,  this  canal,  when  in  Mich  a  collajvied  state,  soems  to  be  obliter- 
ated, or  at  least  choked  up  by  epithelial  formations,  it  dr^es  not  follow 
thiit  in  a  living  subject,  and  thus  whnn  tho  spinal  cord  is  undergoing 
it*  expariHilo  motion,  this  canal  does  not  grant  ft  passage  to  a  bigldy 
reflne^l  lymph.  Clarke,  at  least,  even  when  ho  foiuid  Uie  cannl  tilled 
up  with  grains,  in  the  midst  of  their  agglomontion  oV»srr%*ed  the 
borixontid  fiuctiun  of  a  (•iniplu,  and  Bometimes  also  of  a  double  Kunen, 


*-  Q«rWh  (J.). 
New  York,  18T2. 
*  Quttin 


Tlio  Spinal  Conl,"  in  Strickei^s  "Manual  of  ffistology." 
Klemouu  of  Anstoniy."    Einnra  BnrrmN.    LoDdon,  1876, 
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lined  with  epitbelitim ;  thus  showing  that  even  in  thorn  caaofi  whep« 
the  canal  seems  entirely  choked  uji  with  ejiithelium,  there  is  still 
on  nnintemii)te*l  passage  left  l>etween  the  epithelium.  Be:>idea,  the 
epithelial  cells  tliemsolves,  when  filling  up  entirely  the  lumen  of  the 
canal,  would  unly  strain  the  liquid  pumped  into  the  canal  from  the 
fourth  ventricle,  but  would  not  ohstmct  the  passage  of  ihii  lujuid 
through  the  central  canal. 

The  authors,  however,  ditfor  furtlier  aii  to  the  placu  of  discharge  of 

the  lynijih   contnint'd   in   the  spinal  canal.     Thus  Gcrlach,  <m  the 

ftulhority  of  Stillinj;,  declares  that  "in  the  conua  mccliillaris  this 

canul    njtproaches  nearer  antl   nearer  to  the  pOHtorior   longitailinal 

figsiirp,  anil  finally  unitr.s  with  it."     A\^iilc  Quain  admits  that  *'at  the 

oxtiemity   of  the   conus   inedullaris   it   extends  hackwarda   to  the 

surface  of  the  cord,  heing  covered  in  only  by  pia  mater  and  coniiectiTC 

tissue."     Schwalbe,  however,  on  the  authority  of  W,  Krouse,  niain- 

Uiins  that  the  ceutral  canal  is  continuetl  frojo  the  conus  medullAris 

into   the   filum    terminale,    where   at   last    it    terminator    blimllT. 

Schwalhe'a^  entire  description  of  the  central  c-anal  is  as  follows: 

"Tlie   central   cannl   which    is   ejiclosed   in    the  grey   conmiissuro 

varies  in  shape  luul  size  in  the  different  regiuns  of  the  spinal  cord. 

It  is  least  in  width  in  the  dorsal  region ;  its  diameter  there  amounUi 

to  0,045  to  0,1  niui.,  ami  in  horizontal  sections  its  shape  is  generally 

circular.     Tliia   circular   shapi»    beeomea   oval   l>eyond    the   cervical 

enlargement,  and  beyond  the  lumbar  enlatg^ment  the  canal  is  altered 

into  a  sagittal  deft.     This  same  sagittal  ^hape  the  canal  also  asaumes 

as  it  approaclies  the  medulla  oliloiigata  from  the  cervicid  enlargGment, 

In  the  greater  |>art  of  the  cord  the  canal  lies  nearer  to  its  anteri<»r 

or  ventral,  tlian  to  its  posterior  or  dorsad  surface ;  it«  distance  from 

the  latter  is  almost   twice  as  laige  as  from  the  former.     lu  tho 

lumbar  e^durgement  its  situation  is  about  equidistant  fnjm  either 

surface  ;  and  in  proportion  as  the  dorso-ventral  cleft,  by  which  it  is 

represented  in  the  conus  mcdunaris,  increases  in  size,  it  gradually 

draws  very  near  to  the  posterior  longitudinal  fissure  of  thf  rorl,  and 

thus  to  tlie  surface  of  the  coi-d.     On  this  account  it  was  formerly 

believed  (tf.f/.  by  Stillitig)  tliat  the  central  cauot  right  here  haa  an 

opening  into  the  jKJsterior  longituilimil  fissure.     It  has  been  demon- 

stratod,  however,  by  W,  Kiaiiwc,*  thnt,  Mir-  rrntral  canal  at  tbih  plufo, 

»  '*0p.  dt./'p.  840,  f<«7. 

•  Kmnw  ( W.).  *'  Uebor  den  Veutriculua  tcrrain*Iia  ilea  Riwkoiouikm*'  la 
**Archiv  fUr  inilcrodikopiMiho  Auatomie,"  roL  xL,  |l  21l> ;  tinil  la  "C«QKniIUaU 
nir  nuKltciniiKlie  WiAJvn«:luflnn."    Berliu,  1870, 
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•well  OB  everywhere  uIbc,  is  completol^  closed  up,  only  it  iecomes 
consuloiiibly  onlarged  at  lliw  lower  extit?mity  of  tho  ooiius  incdullaria 
This  terminal  enhirgoment  of  the  ct'iitral  caiial  W.  Kraiiae  calla 
*  veiitriculus  tcnninnlW  It  usiinUy  exhibiU  u  triui^ailar  shape  in 
horixontnl  sei^tions  with  the  Iwse  in  front  and  tJie  point  dirtrcted 
towards  tho  poeterior  lonj^itudinal  tisstirc.  Its  len^jth  amounte  to 
t'-lO  mui.,  its  widtli  to  0,5  to  2  mni.  (gcucmlly  only  to  0,6  to  1  mm.), 
and  \X9,  depth  to  0,4  to  1,1  mm.     SiniL^  the  poMerinr  border  of  this 

tall  Ventricle  consists  only  of  a  thiji  laytir  of  sul>staiict%  which  is 

tily  toni  in  subjects  not  perfectly  fresh,  the  statement  made  by 
^irlit»r  obserrers  respoctinj*  an  of^oning  of  the  central  canal  at  the 
lower  end  of  tlie  couiis  meduUariK  beconies  intdligihle.  At  the 
transition  of  the  conus  medulloris  into  the  filum  temiiaale,  the  ven- 
tricnlus  tt-mnnalirt,  after  a  considerable  rodiiotion  in  its  wiliber,  con- 
tinui^s  it«  course  in  the  fonn  of  an  attenuated  canal,  which  may  be 
trooud  in  the  filura  for  About  half  its  len^h,  whoro  it  finally  ter- 
minat^^j*  blindly." 

On  the  i|uestion  in  what  way  this  deseriptinn  of  the  central  canal 
agrees  with  Swedenboi^s  theory  (A  the  corobro-spimd  liquid,  we 
rt?ply :  According  to  Swedenborg's  dortriuo  there  is  a  minute  corre- 
spondence between  the  membruues  and  coatings  of  the  human  body, 
and  tho  liquiiU  which  they  carry.  Tho  finer,  therefore,  a  membrane, 
tho  more  n'Hued  the  liquid  which  it  contains.  Now,  since  the 
niembranulre  derived  frfjiu  the  pia  matrr,  by  which  the  interstitial 
sluices  betwf'on  the  individual  ner\'ous  fibres  are  bounded,  are  most 
att4*nuated,  it  follows  that  the  liquid  coiu-sing  through  these  mem- 
branuliB  must  be  equally  refined.  A  liquid  of  Uiia  ilescriptiou  ia 
BPcmtod  from  the  minute  capillaries  in  tlie  n«'ighIx)urhoo«l  of  the 
corticAl  ^landulo}  or  iiorve-cclls  of  the  spinal  conl ;  and  the  none  kind 
of  liquid  also  is  furnished  to  the  spinal  cord  from  the  fourth  ven- 
tricle throu;;h  tho  c/rntrol  canal.  L»  the  fourtli  ventricle  itself,  this 
r<"fined  lymph  is  mixed  with  serosities  of  a  lower  order.  These 
serosities  are  unable  to  penetrate  tlirough  tlie  epithelial  lining  of  the 
central  eiinal,  while  the  refined  I\T[nph  itself  ia  freely  received  in 
the  epitlieliid  cells,  and  is  transmitted  thence,  as  required,  into 
the  interstices  between  those  fibres  which  are  intended  for  the 
anterior  and  poatcrior  nor\'ou8  roots.  In  childhood  and  youth,  so 
long  as  the  r^vily  iu  the  central  canal  reniaint*  ojiou,  the  vcntiiciUar 
liquid  would  freely  [hiss  and  ru|>ass  through  the  entire  central  canal, 
and  during  ita  jia-swi'^o  would  part  with  its  refined  lymph  to  the 
epithelial  cells,  by  which  it  is  lineil.     But  liy  antl  by,  ns  the  epirud 
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canal  bogias  to  be  chokn^l  up  by  Hpithalial  AocumulAtiotiB,  especiAlly 
in  ita  cervical  iwrtion,  only  the  refined  lymph  would  be  ablp  to  pni» 
through  the  epithelial  stratum,  while  the  groaaor  eeroaities,  which 
are  denied  a/lmission,  woidd  at  onoo  be  returned  to  tho  fourth 
ventricle,  in  onler  to  be  discharged  thenct?  into  the  8ulmra(:hnoi<l 
space  througli  the  foramina  of  Magendie  and  Luechku,  The  refinr^ 
lympli,  however,  after  enteritifr  the  r]iitbplial  stratum,  would 
gradually  make  ita  way  througli  the  coutnd  canal,  until  finally  it 
would  reach  the  voutriculuK  termiualis  of  Kjiiuse,  where  any  sur|diui 
of  lymph  woidd  trans|tire  intrt  the  aubarachnoid  apace  through  the 
pia  matral  covenng  of  the  cord. 


e.  The  Ckneral  Pvrfosb  and  final  Dest/ky  op  th& 

CaRBBRQ-SPiNAL  LIQUID, 

1 4.  Before  discussing  the  genenU  purpose  and  the  tiiial  destiiiy  of 
the  cerebro-spiual  liquid  in  the  light  of  Swedenborj,''«  Iht'ory,  iUid  in 
that  of  modern  science,  Ave  deem  it  necessary  to  remiuil  ctir  readers 
of  the  fact  that  althougli  Swedenborg  divined  the  existence  of  th« 
control  canal  of  the  spinal  cord,  and  although  this  canal  Ronstitntes 
a  necessary  link  in  Ids  theory  of  the  brain — still  its  exiHtence  w«4 
not  a  scientihc  fact  at  hia  time,  and,  consequently,  iu  dt?ference  to 
his  own  principle  nf  investigation,  he  did  not  consider  himself  a! 
liberty  to  make  u?e  of  this  undiacovt'red  canal  in  his  inctnctiotia 
respecting  the  course  and  destiny  of  tlie  cer^bro  -  sjiinal  liquid* 
Although,  therefore,  the  existence  of  the  central  canxd,  which  has 
now  become  u  scientific  fact,  enables  us  to  d«:lare  in  full  harmony 
Avith  SwL'dcnborg'fl  thfiory  uf  the  brain,  that  the  refined  lymph, 
described  above  in  no.  13,  is  secreted  from  the  oerebro-fipinal  liquid, 
before  it  is  discharged  from  the  fourth  ventricle— still,  Swedonbur^ 
himself,  on  the  basis  of  the  facts  of  science,  a«  th»:y  wore  knrum  to 
biro,  felt  himself  bound  to  declare  that  tlie  cerebro-spiual  liquid  is 
discharged  from  tlie  fonrth  ventriolo  in  that  genoml  eondttioQ  ia 
which  it  is,  before  the  refined  lymph  sjH'ciiicd  idtovo  i»  wcretcd  from 
it  through  tlie  mediation  of  the  central  oAiial  of  the  spinal  cord- 

With  this  preliminary  caution  out  readers  wiH  l>e  etmhled  to 
appreciate  thuroughly  the  following  extracU  frrtm  Swi-denhorg'^ 
theory  of  the  hriin,  roncnming  the  final  (hMtinv  of  \\\r  rrrebro- 
fpinol  liquid. 


iimi    ii'MiiM.  :t' 


The  general  jnirinisr  df  the  ceTi^bp-sj' 
author,  in  to  lubricate  and  moisten  tlie  p])ace«*  which 
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Uie  fibres  ruiil  fasciculi  in  tlic  interiors  of  the  ncrvt-i;.  His  st«Ui- 
ment  concerning  theHO  epacos  U  as  foUown  : 

•*Tho  ^MMiuinu  fibrv  iUelf  is  pervious;  botwcL-n  Ihi*  librcs  there 
arc  small  inli'niiices ;  uther  inti-rstiecH  of  tho  6»nio  kind,  but  larger, 
exist  lietwecn  tlie  fosiiiculi  of  the  fibt«»,  and  also  between  the 
genunil  coatings  of  the  nerve  itself,  or  between  Ihoee  by  wUicli  the 
fftsciclofl  art"!  boiind  t^olhor.  I^i^^Km  the  wcU-ordcriHl  anJ  ilijitiiiot 
nmngeroent  of  these  Apaces  auU  their  communication.s  and  ujK)n 
their  permeability,  depends  altogether  tin'  health  antl  integrity  of  tho 
bodily  fiystem,  tho  faculty  of  the  hliro  of  obcyin^^  the  brain,  and  the 
freedom  retjuircd  by  it  for  action  in  the  lxj*ly,  that  la,  in  the 
appcmled  uutM;lci  gland,  joint,  member,  an*l  visciw  "  (IV.,  no.  70), 

"  Tljero  are  spaces  between  the  fibres,  anil  there  nro  etill  larger 
onea  between  the  fascicles  of  the  hbre«.  For  tho  fibres  are  flmiill 
tubea  wliich  are  not  fastened  to  tho  neiglibouring  hbres,  and  the 
fascicles  are  round  cylinder=i,  distinct  from  the  neighbouring  ones. 
InagmiKih  a«  every  fibre,  yea,  every  faacicle  C)f  fibres,  Hom's  forth 
from  iU  own  origina  in  the  two  bmiiits  and  descendti  thence  into  the 
body  for  the  pntpoae  of  doing  there  its  o-vvn  work,  every  fibre  and 
every  fnpciclc  rc<|in'reH  to  be  detnehetl  from  ils  uwn  associate  and 
neighbouring  filires  and  fjifioicles,  and  should  not  touch  them,  except 
in  their  highest,  topmost  points  of  contAct.  Otherwise  Uio  indi- 
vidual forces  and  acts  would  coalesce  confusedly  into  one  general 
indiHtinet  act.  .  .  .  Such  is  the  condition  of  the  fibres,  ftmciclus,  and 
nerves  in  tlie  flower  of  man's  age,  bat  it  is  altogether  different  in  the 
winter-time  of  old  age.  As  nmny  8j)acei',  therefore,  as  are  op>en 
throughout  tho  nerves,  jnat  fto  many  avenues  arc  there  prepared  for 
liiiuids,  .  .  .  Nevertheless  not  tlie  same  kind  of  humour  circulates 
thxougb  tho  spaces  between  the  fa«H*ic1eR,  as  {hisses  through  the  small 
•paces  hetweeu  tlio  fibres,  or  again  x^  runs  througli  the  very  tubules 
of  the  fibres  "  (Part  11^  nos,  3.'i0-:^52). 

A  general  atatoment  concerning  the  lymph  which  cou«cs  through' 
tho  spaces  in  the  interiors  of  the  nerves,  Swedenborg  makes  in  tho 
following  passage : 

"The  lymph  which  is  contnined  under  the  arachnoid  membrane 
circulates  between  tho  medullary  fibres  of  the  brain  and  the  nervous 
fibres  <.>f  the  body.  "Without  Huch  a  pm-enniftl  snnrce,  and  without 
u  lymjvh  Uowiny  between  them,  the  fibres  would  wisily  coidesce ; 
whereby  the  individual  or  single  forces  of  tlie  norvos  and  muscles 
would  rtui  togetiier  into  such  ns  are  merely  general ;  a»  is  usually  the 
case  in  persons  where  the  rnotory  fibres  no  longer  yield  obedience  to 
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tho  mind.  AVliereforc  this  lymph  is  like  an  ointmvDi  whicl)  oiK 
smoothes,  and  lubricates  tlic  lunges.  Tliis  same  lymph  ia  ilcrivetl 
bet^voen  the  laminie  of  the  fascicles  of  tho  nerve.  Evtry  fjiacicle  of 
fibres  ^vithin  the  cranium  iiml  tht*  vertebral  thcca  is  called  the  root 
of  a  nerve,  and  is  covered  with  a  ilouhle  nr  triple  coiiling  ;  the  inmost 
of  which  has  respect  to  the  fibres,  but  the  outerniast  to  its  ti&*ocjat« 
fibres  in  the  nerve.  Those  laminse  arc  kept  n|tart  and  prernnt«d 
from  cimlewing  by  n  juice  of  a  most  subtle  quality.  This  juice  ij* 
none  other  thuii  that  wliich  nuis  between  the  tibres,  or  which  is  alau 
reserved  for  this  use  under  the  arachnoid  membrane.  The  omcbnoad 
membrane  not  only  covers  the  cerebnim  and  cerebellum,  but  it 
acGompauios  also  the  rootA  of  the  nerves  in  the  craniuin,  as  well  ^ 
in  the  spinal  cord,  as  far  as  their  outlets ;  thus  sprinkling  its  nobh* 
juice  between  the  laniinw  of  the  nervous  rot»ts,  as  it  d()efi  between 
the  fibres.  It  appears  as  if  the  arachnoid  nienibrano  htid  chiefly  thtt 
care  uf  the  nerves  of  tlie  boily  under  its  charge  '*  (no.  715r). 

This  same  lymph  or  cerebro-spinal  lii|uid,  which  is  derivt-d  jmin 
the  fourth  ventricle,  ih  supplied  by  the  arachnoid  memltran?  to  the 
medulla  oblongata  in  its  widest  sense,  as  well  as  to  the  spinal  cord. 
It  thus  provides  for  the  cranial  nerves  which  start  from  the  niedalla 
oblongata,  as  well  as  for  those  which  prtxjeed  from  the  spinal  I'onL 
A  general  sUtement  to  this  effect  Swedonborg  makes  in  the  following 
passage ;  "  The  fourth  ventricle  supplies  also  a  noble  and  most  highly- 
gifted  juice  impregnated  with  spirit  to  the  roots  of  the  nen^es,  and 
hands  it  for  distribution  to  tlie  medulla  oblongata,  and  espeeiuUy  to 
the  spinal  cord"  (no.  712). 

The  wants  of  the  medulla  oblongata  having  been  supplied,  the  reel 
of  the  c^J^>h^o-flpinlll  liquid,  that  is,  of  the  future  nervous  juice,  ia 
dispatclied  to  the  spinal  conl.  Tliis  follows  from  the  following 
statement  of  Swedonborg:  ^'Wlicn  the  ventricle  expresses  thi« 
liquid  out  of  its  i!rawn-up  edges,  an  open  counie  is  left  for  it  down 
the  spinal  cord.  For  in  thi?  foramen  magnum  of  tho  tK^ijiital  bone 
the  spinal  cord  does  not  adhere  to  tho  dura  mater,  nor  ir  it  united 
with  it  in  the  back  and  at  the  sides,  but  only  in  fri>nt.  Now  ainr* 
the  whole  of  the  liquid  which  is  expressed  from  the  eerehellotn  is 
harmless  and  spirituous,  it  is  for  this  vnr)'  reason  fit  to  enter  the 
roots  of  the  nervos  which  require  fnich  a  humour.  AVithoul  such  a 
moisture,  or  withoat  0OIUO  interstitial  juice,  these  busy  nervos  would 
be  tlried  up  and  deprived  of  the  faculty  of  attending  t«j  their  dutien. 
For  all  intennediftte  spaces,  wherever  they  ani,  whttlher  in  mom- 
branes  or  in  nervt^'s  rwpnru  to  Iw  filled  with  a  suitalile,  npprojniRlo 
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juice,  so  Bfl  not  to  become  sinewy.  And  a&  to  tho  spinal  cord  iiavMy. 
[it  cannot  supply  stich  a  copioiis  jiiice  as  would  answer  to  the  activity 
of  tho  uorves,  and  to  the  continuous  wnatij  of  the  same ;  wherofore  it 
seema  constantly  to  bo  undi?r  tho  necessity  of  ])on'owing  thisjuico 
from  tlie  cerebellum.  On  this  ftccount  alao  the  arachnoid  membmno 
of  the  spinal  curd,  that  is,  its  gujiuitd  lyiupliatic  duct,  in  dfuser^  an<l 
tionts  around  it  more  loosiidy  ;  and  it  di^tennince  the  juice  which  is 
^nfined  under  it  t(')wnrds  cither  roots,  the  (interior  lis  well  as  the 
posterior"  (no.  715/#), 

15.  If  now  tho  question  is  a»ked  how  far  modem  experience  bears 
out  Sw**denbori:;'8  thoory  of  a  litiuid  wluch  circulates  tlirou<j;h  tlie 
interstices  in  tho  interior  of  the  nerves,  whicb  liijuid  is  identicid 
with  tho  subamclinoid,  that  is,  the  cerebru-spinal  liquid — wo  oro 
fii-st  of  all  able  to  declare  that  O'/urjwf  in  1764,  in  his  treatise 
entitled,  IM  ucUiad"  nrrvotta  rtfmuwti/ariuj<j  proved  exjMjriuit'UtaUy 
the  continuity  of  the  snbaracbnnid  s\yace  with  the  interstitial 
8|»iceB  in  the  spinal  nerves,  beyond  tho  spinal  ganglia ;  ho  also 
maintained  tliut  the  cerebro-spinal  liquid  circulates  through  theso 
spAces,  and  ho  explained  tlie  origin  of  tho  dlseuso,  known  as 
"sciatica,"  by  a  deterionition  of  tliis  interstitial  liquid.  The  ex- 
periments by  which  he  proved  tluH  continuity,  as  is  shown  above 
in  no.  704r,  consisted  in  his  driving  air  and  mercury  through  tho 
open  sheatli  of  a  spinal  nerve  this  side  the  spinal  ganglion,  into 
the  cellular  sheaths  of  this  same  nerve  on  the  further  side  of  tho 
ganglion. 

This  experuuent,  by  which  Cotugno  provcil  nnquf^tionably  tht) 
continuity  of  the  subarachnoid  space  around  the  spinal  cord  with 
the  interstitial  spaces  in  tho  sheaths  of  the  periplteral  spinal  norvea, 
appears  somehow  to  liave  escaped  the  attention  of  Key  and  lU'tzius, 
who  otherwise  have  done  full  justice  to  this  distiuguLdhod  observer. 
ThL7  declare  ("Studien."  etc,  LL,  jk  100)  that  "  the  history  of  tho 
exploration  of  the  lymph-paths  ui  tho  periphorul  nerves  begins  really 
with  Botjros,^  who  by  injections  of  mercury  obtained  tlie  idea  that 
tho  nerves  ore  pierced  by  u  comparatively  narrow  canal  open  to 
injections,  and  bounded  by  the  various  neural  miimbranes.  These 
injections,  according  to  him,  do  not  pctietrato  the  nerve-roots;  wliilu 
in  tho  din'ction  of  tlut  periphend  terminations  uf  the  nerves,  they 
lam  continued  into  mmilieations  invisible  to  the  naked  ryc^  as  for 
instance  into  tho  muscles,  skin,  and  mucous  membrane."     They  add, 

'  Bogros  iu  '*  Repertoire  gvnt^nl  d'anatomio  et  pbyaiologie.'*  Vol.  iv. 
Hariu,  1827. 
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that  "Broschet  and  Raspftil  controvert<Hi  the  results  obtAined  )»y 
Boj(ros'  injections,  which  were  st^on  completely  forj^fottew." 

Tlie  Swetlish  atithora  contiuup,  *'  CrnvpilkOr '  was  the  only  one 
who  repeated  tho  cxi»erimimt^  of  Boj^rns  with  dye<l  liquids.  He 
injt'otod  tlio  nerves  by  punctnrv,  wljewby  tlio  fascicIcH  (-•omi»'sing  Uie 
nervous  tnxnk  were  tilled  more  or  loss  copiously  tiB  fcir  aa  tlioir 
reiDotest  ramitications ;  tha»,  for  instancoi  in  the  twigs  of  the 
nerviia  linj^olis  the  ityection  reached  the  papillae  of  the  toiijrue.  .  .  . 
Tho.  injt^otion  Hucceedis  better  fmm  the  central  organ  t^-^wnnla  the 
circumference,  than  in  an  opposite  direction.  For  a  long  time  after 
Cruvcilhier  no  further  experiments  were  imulo  towiinls  discovering 
the  lymph  paths  of  the  nerveH,  and  tho  oidy  adilitional  data  respect- 
ing such  paths  which  we  meet  with  in  literature,  are  contained  in 
Rmulaw^Viiki/ii  paper  ou  the  structure  of  the  spinal  iiervps,^  where 
he  8f»oak.s  of  boUowa  (riAprvoir^)  in  the  reticulum  Ijetween  the 
nerve  -  tabes,  whereby  the  nutrition  of  tho  nervous  clementa  is 
effected." 

Aa  to  their  own  labours  in  this  direction,  Key  and  KetziuB  aay, 
"  We  *  instituted  next  a  long  series  of  injections  into  tho  poripheral 
ner\'e8,  i>artly  from  the  serous  spaces  of  the  central  or^^nn,  and  partly 
by  direct  puncture  of  the  nerves.  From  the  fonuer  spucos  wc 
succeeded  in  iiyectiiig  various  nervea  far  into  their  peripheral 
ramifications.  In  both  kinds  of  injertionst,  the  injected  liquid 
passed  between  the  concentric,  perineural  laminse  around  the  nerve- 
fascicles,  as  well  n«  between  their  endonouml  continuations  into  the 
interior  of  the  nerves,  where  it  made  its  way  between  the  intlividua] 
nerve-fibres,  batliing  them  thon>ughly.  On  the  other  hand,  nlao,  it 
spread  here  mid  tliero  beyond  into  the  epineural  lamina.  The  groat 
sympathetic,  nerve  also  was  filled  tiirough  tho  rami  coinmuuicnnte& 
Kurkovshj*  became  convinced  by  iigections  that  there  is  a  oavlly 
around  the  nerve  fascicles,  but  not  around  the  individual  nerva- 
tubulos.     Ranner^  gave  a  description  of  the  results  be  obtflinod  by 

^  Cniveilhier(J,).  "Ttaited'A&Atomieduoriptivv.*'  Vol.  it.  5«coade  ^tiuo. 
FarU,  1846. 

*  "Contptesrmidaa  hcbilotnAdairM  de«  Seancen  il«  rAciMl^inie  dc*  Scl(^oc««.'* 
Vol.  iv.     Paris,  1P64  for  DL'remlwr. 

*  In  "  Nonliskt  Modiciaskt  Archiv."  Vol  iv.  ;  Noa.  21  and  26,  8t*>cUiGlni, 
1872. 

*  In  "Joamal  fur  normale  and  patholAgitkche  HistologiQ.**  Kdiiwt  by 
Radnew,  Bog<laTiawitsr}i,  Zabelin,  and  Zftwykin.     1670. 

*  In  "  Archives  d«  Phyuologio  nonaalo  «t  paChotoj^uv.'*  Vol.  ir.,  for  Haidb 
ami  JuJy,  1872, 
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iige(}ting  tho  licriphoral  nerves  With  a  moderate  prossurc  he  saw 
the  injocted  liquid  remaining  iu  tho  nerve-faR(tit-l(«,  aud  penetratioig 
at  the  samo  timu  betwecu  thu  rmrvl^fihre8 ;  hut  hu  did  not  seo  any 
preformed  caiioi.  Ou  increaHiu^  tho  pre^uru,  tlie  liquitl  poseed 
through  the  hitniuated  slu-ath  into  the  [»rrifoaci<Mi1or  tiasuo." 

An  aU-^tract  i.>f  tlio  final  rcsulta  obtaiiu>d  by  Key  nud  Rctsiufl,  as 
publiBhed  in  their  "Studien,'^  otc,  in  1875  aud  1876,  is  contained 
above  in  no8»  704tt  to  704^,  to  which  we  direct  the  attention  of  onr 
road&rs. 

16.  Modem  science  thus  fully  bears  out  tho  position  aaaerted  by 
Swe<lenbfiry  in  1740;  namely,  that  there  \»  a  continuity  between  tho 
lymphatic  sixaces  of  the  braiii  and  spinal  cord  ou  tlie  one  band,  and 
ihoEie  of  the  cmuial  and  spinal  uorvoa  ou  the  other.  The  next 
point  to  \w>  eonfinned  is  tliU,  that  in  tho  living  subject  there  is  a 
constant  current  of  the  cerebro-spinal  liquid  from  thi'  subarachnoid 
space  of  the  brain  and  spinal  cord  tu^ronis  the  lymphatic  spaces  of 
the  cranial  and  spinal  nerves. 

This  jioint  is  fiUly  proved  by  Quincke's'  exporimonts,  to  which 
the  attention  of  our  readers  has  been  directed  before.  With  the 
view  of  discovering  tlje  direction  whither  the  current  of  the  cerebro- 
spinal liquid  tends  iu  tho  livinj^  body,  this  olwerver  injected  an 
emulsion  of  venniiion  and  tnigiir-wuter  into  the  snbnraclmoid  space 
of  the  brain  and  spinal  cord  of  living  dogs.  After  allo>ving  Iho 
vermilion  to1>e  carried  aliont  in  the  living'  aiumal  daring  a  space  of 
time  ranging  between  one  and  twi.*lvo  weeks,  an  examination  of 
their  )>odii"3,  by  dissection,  exhibitwl  the  following  results:  "Tho 
vennilion  was  discovered  along  all  the  cranial  and  spinal  nerves,  as 
long  OS  their  roots  passed  through  the  ci*rLd)ro-spiimI  cavity.  The 
greatest  accumulation  of  vermilion  in  all  cases  was  where  the  nerves 
leave  the  dura-matral  sack ;  thus  in  the  cranium  in  those  places 
where  the  nerves  enter  intu  the  cranial  foramina.  Tho  distribution 
nf  vermilion  varied  in  tho  ditferent  nerven,  without  any  npimrent 
reason.  In  a  number  of  cases  the  vermilion  penetrated  beyond  the 
corobro-spinal  cavity.  Thus,  f^r  instance,  in  about  one-half  of  Ute 
ux[Hirinicnts,  it  made  its  ap{»eamnce  along  tho  intercostal  nerves  as 
for  AS  the  point  where  the  mmi  communicantes  depart  for  the  great 
8>TnpatbeUc  nen'e,  and  in  some  cases  a  few  millimetres  further. 
On  folding  back  the  lungs,  the  tranaluceucy  of  tlie  plcuns  withor  * 
any  further  preiiaration,  pre^entiMl  to  view  a  neat  picture  of  I 
IMuiicuhur  ditfusion  of  the  vurmiiion.  Iu  tlie  lumbar  nenresi  f 
»*'Op.cit/'i.t>.  156-ld4. 
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the  dura  corcred  with  nndotheliiuii  belonged  to  the  ainchuotd 
membrane ;  that  tliis  mcmbraiio  consequently  reprosentwi  a  scrrMi* 
sack — ^the  amchnoitlal  sack — the  outer,  parietal  layer  of  which  wa* 
blended  with  the  ilura  muter,  while  the  inner  layer  represented  ih<* 
visceral  leaf  or  layer  of  the  nmchnoiden." 


.  The  Laxvs  of  Motion  of  the  CersbrO'Spiifm  Ltovw. 

16.  So  far  as  the  elementary  t^hnmcter  of  the  cerebro-spinal  liquid 
is  concerned,  it  possesses,  acconling  to  Swedeuborg,  more  of  a  posrir** 
than  of  un  active  fore*?,  and,  Ibn-efor^  ilifTp.ront  from  the  blood  and 
the  animal  «pirit,  it  has  nnl,  within  itH.'lf  the  elements  of  motion. 
Ho  says,  "  In  the  spirituous  lymph — the  corebro-epinal  liquid — then* 
are  also  iU|Ueous,  oily,  imil  subtle  urinous  elements,  and  perchanin- 
tlicro  is  likewiMc  contained  in  it  sdino  spirituoua  element  whi'h 
vivifies  the  nwt.  Wlierefore  this  liquid  cannot  bo  of  a  pcrpetunl 
mobility ;  it  cannot  be  expansible,  compressible,  ohistic,  etc.,  except 
through  tluit  portion  of  it  which  arises  from  the  spiritunufl  elomcui 
admixed  to  it  This  liquid,  therefore,  is  comparatively  inert,  and 
possesses  more  of  a  pitssive,  than  of  lui  active  force  "  (no.  715n). 

Fi-oni  tliis  it  follows,  that  motion  has  to  bo  imparted  to  thi* 
liquid  V»y  those  p;irts  of  thf  nervous  system  through  which  it  iwmcv, 
and  which  are  themselves  in  u  state  of  motiun ;  namely,  by  tln- 
nervoiia  fibres,  and  those  nervous  centres  which  are  bathed  in 
the  subarachnoid  liquid.  Tluis  the  most  relined  si>eciea  of  Un* 
cerebro-spinal  U<|uid,  wliich  i.s  I'xcrelrd  from  the  capillarica  in  tbt' 
immediate  noighbourhootl  of  the  j^y  Kubstance,  as  soon  oa  by  tin* 
imimatory  or  respiratory  action  of  the  grey  plandulos  it  is  pmujR^I 
into  the  interstices  Wtween  the  medullary  fibres  of  the  cerobniiii 
and  cerel)ellum,  is  p^)polled  onwaril  by  the  living  force,  tliat  ia,  iht' 
contractile  ami  expiinsile  motion,  imparted  to  the  iierve-fibnos  b> 
the  animal  spirit — tlio  norvou*  lluid— which  poaaos  lhn)ugh  tliom  ; 
:Uid  it  is  thus  urged  onwards,  until  it  rciachoa  the  very  termini  of  t>w 
nerves  in  the  motory  and  f«*nsorj^  organs,  and  the  viscera  of  thv 
body.  The  grosser  spetnes  of  this  li<juid,  on  the  other  hand,  which 
is  received  in  the  interstices  between  tho  various  ni?rve-toota  or 
norve-fascicidi,  is  pixjpelled  by  the  expansile  ff»rco  inherent  id  ibr 
mJTTO-roots  or  fasciculi.  Su  long,  howwcr,  as  this  liquid  is  cnulAineil 
in  tho  subttnirhnoid  spaces,  it  jj^  pu.*?hi»d  onwapl  by  the  '■• 
force  of  tho  encephalic  ccntre«,  taken  at  large;  namoJyt  tti 
4H>rd,  medulla  oblongata,  cernbnun,  oud  rnrpbellum. 
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Rctzius.  the  arochnoidcA  conftoquuntly  woa  not  auppoacHl  to  fumisK 
liny  ftheathK  lo  the  peripheral  uorven,  uud  hence  tlie  subanichtioiil 
liquid,  in  the  pstinmtion  of  the  Iciirnoil,  could  not  he  dirccLtnl  into 
tho  interior  of  the  nprvi»8 ;  whoroforc  this  liquid  lost  tho  j;n'ater 
[*art  of  it8  importance  in  their  Bytw,  and  it  was  po«siblo  for  a  wriU^r 
in  the  "Lancet"  to  doclan-  in  1860,  that  "only  recently,  when 
conversing  with  a  distiuguislied  phvfliolo^Ut,  tho  latter  told  him  ho 
foniiidered  *  tho  c«rebro-«pinal  liquid  played  but  u  vcrj*  subordinaUj 
jiart  in  tho  animal  economy  *  '*  (sen  nbovo^  no.  704*). 

Richrtt's  theory  nwpoctinj^  the  arachnoidoa  was  still  upheld  in  the 
fijihfh  edition  of  Quaiu'n  **  Klementfi  of  xVuatoniy,"  published  in  1870. 
W»»  road  there  concerning  it,  "  Tho  ncrvo-roota  in  tlieir  course  run 
ttenoath  the  arachnoid  membrane,  and  do  not  perforate  it  on  iasuing 
from  the  cranio- vertebral  cjivity  ;  for  the  loose  or  viscbral  layer  of  the 
arachnoid  is  prolonged  on  the  nerve,  and  loosely  surrounds  it  as  far 
a*t  the  aperture  of  egress  in  Uie  dura  umtor,  where,  quitting  tho 
iiei*ve,  it  M  reflected  upon  the  iiiiuM*  surface  of  the  latter  membrane, 
nnd  becomes  continuous  witli  tlic  p.irirtjil  nr  adbrrent  layer  of  the 
amchnoid"(IL,  p.  U4). 

In  the  ninth  edition  of  tiuh  same  wi^rk,  published  in  1682, 
liieliat  s  theory  is  given  up,  and  iho  results  of  Key  and  Retains  are 
pi-ojwrly  taken  into  account  j  wo  thus  road  there  instead,  '^The 
nervoa  a&  they  pass  from  the  brain  and  Rpinnl  cord  receive  their 
(x'rincuml  covering  from  the  piu  nuiter,  and  in  addition,  two  looser 
nbeaths,  an  outer  from  the  dura  mater,  and  an  inner  from  tlie 
arachnoid.  Upon  tho  optic  ncn'e  these  sheaths  remain  distinct  and 
HOfKirate,  so  that  tlie  8{>ace  which  each  encloses  may  t>e  injected^  the 
outer  from  t]i»  subduml,  tho  inner  from  tlte  aultartu-huoiil  R|Hu.'f.  On 
the  other  ncrveji  the  oniclmoidul  sheath  soon  cciu^es,  anil  the  single 
fllioath  eventually  blends  with  Iwth  the  epinourium  and  perinourium 
of  the  uervtis.  Aeoordinj^ly  it  is  found  Uiut  an  iiyection  driven  into 
either  thu  »uhdural  or  the  subaraclinoid  space  passes  readily  along 
the  nerves  oven  as  f or  aa  the  limbs.  There  thus  czista  a  continuity 
Uflwf'en  the  ventricles  of  the  bmin,  the  isubtintehnoid  f^pace,  the  peri- 
vjiscular  canals  of  tho  cerebral  substance,  uud  the  lymphatic  spaces 
within  the  Dcrvc^eatha"  (IL,  ]x  377). 

Scbwalbe  1  also  in  hia  re«»nt  treatise  on  "Neurology"  (1881) 
regards  Biehat'a  tlieory  of  the  timchnoidul  sack  aa  completely 
exploded.  He  says,  "  Fontnerly  tlie  subdural  space  was  calletl  the 
^^B  arachnoidal  space,  because  the  idea  prevuilrsd  that  iin  inner  loaf  of 
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iliHt'liuip*  of  the  cereboUar  liquid,  when  tl»L«  gniy  mtttler  of  the 
corobollum  anil  of  the  medulla  oblDn;j:ata  is  vxpniulwL  Agahiy  aa 
\\\\'  ceiitrnl  onnal  of  the  sjniml  coi^l  ih  imconipasiH*d  in  front  and 
iM'hind  liy  Ibi*  iiu'dullary  Hbrox  which  coniin«sM  tho  ant^mor  ami 
IM»8t(vrior  (loiniiiidBun^R  of  thn  BpiBal  rnrti,  aud  an  llieau  fibrvB  axv 
(.ontrjirtcd  durini^'  the  diastole  of  the  groy  substance  of  the  coni;  and 
.i^'Hin,  as  tbt'  sulistjintia  gclntiuosa  centralis,  in  wliioh  th*»  ecnttsd 
ranal  is  immedintely  situated,  accnnlin^'  to  Schwnllx'  (p.  313)  is  void 
of  n»irve<olla  or  grey  glandules — it  follow."*  tliat  the  C4<ntral  cAnal  alflo 
during  the  diastole  of  tlie  hi-ain  and  spinal  conl  is  diutt'tidud,  and 
iDHether  with  the  interstices  b4:'tweeM  the  incdullary  fibi-es  uf  tfat* 
iturd,  ii*  ready  tn  ii'riivc  tlu*  i-iTi'lvlltir  Hi|ni.l  fn»tn  Hm-  fourth 
veutricle. 

Now  from  all  thib  it  follows  thai  dariug  llie  diastole  ur  ex[ian>.ili» 
motiitn  of  the  brain  nnd  spinal  marrow,  th(^  cnrobro-spinal  liquid  i» 
exprosHed  from  the  fourth  vcntincio  both  into  the  central  rjuml  of 
(he  spinal  eord,  and  also  into  the  ftulMirachnoid  spaee  by  wliieh  it  \» 
surrounded.  And  fnrtlier,  that  from  the  central  canal,  nt  th**  same 
time,  the  more  refined  portion  of  this  liquid  is  driven  into  the  ijit«r^ 
sticee  between  the  individual  medullar)'  fibrort  which  enter  into  th«« 
ro)»jiftsition  of  the  tint^rior  and  posterior  spinal  rooU  ;  while  frutu  the 
.'^uliurachnoid  s^iacc  which  eneomi»uH8es  the  apinal  cord  on  tlie  out* 
sido^  cspeoially  on  its  dorsal  side,  the  jfrosser  oerebro-sj)iiuil  liquid  i« 
propolK'd  into  the  intf'rsti<*os  between  the  various  nerve-roots  oi 
I'itfciclew  which  ni;ikt'  up  the  dejiartinj;  spinal  nerves. 

By  the  energy  of  the  spund  eoi-d,  however,  which  durinj?  its 
diastole  tilU  up  nearly  tiic  whole  of  tlio  vertehml  eamil,  the  exoeAs  of 
that  subarachnoid  liquid  which  ii<  not  abt»orbcil  by  the  disparting 
spinal  nerve-root*s  e8i'a|»ea  out  of  the  vertehml  canal  into  the  larger 
subarachnoid  cisternH  in  the  ueighlxjurhoorl  of  the  mednllaoblongalA 
and  cerelmlhim,  and  thn^  risce  front  thr*  vertebnd  into  the  eranuJ 
fttvity. 

From  the  fact,  however,  which  has  lievn  ubuntlantly  pr'Vtnl  in  <nn 
Xoto  on  thf  '^R^'ftipiMtory  Molinn  of  thi*  Brain  "  (Vol,  L.  >     '~        ' 
K/v/.),  namely,  that  whdr  the  bmin  t«welltf  and  haa  its  dia 
lunga  expire,  and  w>e  p^nw,  it  follows  in  conclnsion  that  the  cetvbM> 
»pinal  liquid  riit(*>t  into  the  i-nmium  dtiriii.  M  >ii  of  tbu  luu^ 

tmd  descends  int<.<  the  spinal  conl  durin.  iion. 

If  now  we  examino  once  more  the  condition  of  the  fonrili  vitntri.  I. 
while  the  terebrD-spiiml  liquid  i*  being  ex(KilIoii  from  il*  .       ' 
lind  Uiat  this  takes  placi*  whde  tlic  givy  substiuiee  \*\  th' 
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oblongntn  is  Iwing  cxpaiuleil,  and  thtis  while  the  tloor  of  the  fourtli 
veutriole  is  boiit)^  misoil  ti|x  Aiid,  on  the  other  hand,  it  ha}>j>eiis 
while  thp  j)€>dnnolt^H  of  tho  c<'rebclhini  aro  Iwing  rontraclod,  and 
hence  lessenei]  in  width,  iiud  tit  the  sanie  tiuio  li^ngtheiicd  and  thns 
spread  apart.  Fori  acconlLng  to  one  of  the  general  rules  laid  down 
hy  Swftclf'nl)org  ronrcming  the  motion  of  the  brain,  "  each  fibre, 
vein,  and  sinus,  nt  sucli  time  nx  they  subaido  and  aro  constricted,  are 
lengthened  out  and  corrotate*!  in  respect  to  their  width,  tmd  vU'** 
rrriw*'  (Vol.  I.,  no.  467).  Now,  if  the  rerftl>eJlai'  jiedunclps  which  form 
tlio  groat^T  jmrt  of  the  roof  and  sides  of  the  foiirth  ventricle  an- 
extended,  and  tluid  spread  apart  during  the  expansion  or  diastole  of 
thft  ecrcbelhim  and  niPihilla  nlilongnta,  it  foHowa  tliat  the  tnedidlar^ 
tulges  of  the  ventricle  an-  unfoldwl  at  the  same  time,  and  henct*  that 
the  area  of  tins  cavity  ix  euloi^god,  and  thus  that  the  fourth  ventricle 
has  its  "diastole  durinj;  the  same  j)eriod.  From  this,  however,  it 
follows  again  Ujut  tlie  fourth  ventricle  haa  its  diastole,  that  is,  is 
enlarged  in  widtli,  while  the  lateral  voutriclos  have  their  systole ;  and 
further,  tliat  the  fourth  ventricle  discliarges  its  contents  during  its 
diastole,  while  the  latend  ventricles  discharge  them  during  their 
systole. 

20.  All  Uiese  puinU  are  KtaUjil  clearly  in  tlic  following  paMigea 
from  our  author : 

**Thrfonrik  rrnirirh-  in  (ifnurtl  ami  rttHftfrv'fe*!  in  a  fjt'ntliar  tcatf. 
For  this  motion  seems  In  bo  a  kind  of  unfolding  of  the  od^es  of  the 
ventricle,  and  an  nlevntion  of  its  floor  to  such  a  dogree,  that  if  it 
cout^iius  any  litjuid  ut  all,  t'KiH*cially  in  the  calamus  scriptorius,  it 
ejects  the  same  superiorly  in  i\  place  where  it  is  not  covered  up  by  a 
ceiling."  And  again,  *'  It  thus  seems  that  when  the  bottom,  ami  at 
the  same  time  the  extrr^mity  of  the  pons  Varolii  is  raised  nji,  tin* 
odamue  Bcript»irins  imfolds  ils  eil;:e*s  and  partly  also  the  rent  of  the 
fourth  ventricle,  that  is,  the  upjier  part  uf  its  cavity;  whence  it  ii* 
that  this  latter  part  prof«ls  its  liquid,  if  it  contains  an>',  into  the 
Cidamus  srriptoriu!*,  nither  ilnring  Ihi-  **tate  when  it  is  unfohled  "  (no. 

"  Krom  the  thninting  forth  tuul  dmwing  1>ack  of  the  iHMiuucleH  uf 
the  cerebellum  there  results,  as  from  their  efficient  cause,  the  dilatii- 
tion  and  lOiiHtriction  of  llie  fnirth  ventricle.  It  spix-arK  theneo  that 
this  ventricle  ir  widenrtl  and  spromi  a])art  in  its  middle  when  tbi^ 
superiucundient  peduncles  stretch  themsidves  and  ]»our  thoinsolvea 
iiut  on  all  sidej? ;  but  that  the  rcver-M;  happens  when  they  draw 
lhems«»lve«  IjaoV.     The  diasbilo  uf  this  cavity  thus  Ijappenn,  when 
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ilwrliapgo  of  the  cerebellar  liquid,  when  th»'  grey  iuaIUt  i»E  the 
corobolUiui  uiiU  of  the  medulla  oblongata  is  tiXpotKlo<l.  Apitttt  as 
till*  central  nmal  of  the  fipinul  cord  ja  L-ncoinpa8m.*d  in  front  and 
1*ehind  hy  th*'  utedullfiry  liLrr.s  which  coni|)o.sfl  tliii  anlt-rior  and 
p08t«rior  commi»t(uro8  of  tliis  8piiial  ivird,  au<l  n^  thi«o  fihrnn  an.- 
contract^d  dui-in^r  tlio  diastolo  of  thn  gw^y  substanofi  of  the  conl ;  and 
itgaii),  :ut  tho  Hubistdutia  grlatiiio^ut  contraliis  in  which  the  cputnl 
nmal  is  iinniediately  situated,  H(rordin|<  to  Schwalln*  (p.  343)  i»  void 
of  iiiTve-cells  or  grey  glandules — it  fuUuWH  that  Ihii  rcutnU  canal  aWj 
ihiriuf;  the  diaittolo  of  the  hrair  and  upinul  conl  is  distpnilfd,  atitl 
loj^other  witl»  the  intprstices  betwcf-n  the  inHdnllary  tihn-s  of  th« 
i!iird,  ifl  rea<Iy  t<j  n*ct'ivo  the  cci-ohi-llar  liipiiil  fmm  xXw-  fourtli 
vontriclo. 

Xow  fi-om  all  tluH  it  foUoWK  that  duriuy  tin?  diahtolo  ur  cx|>HnNiU^ 
motion  of  thf  htiun  and  spinal  mari-ow,  the  L(!rL'hrt>-t!piiuil  litiuid  ia 
cxpros^cd  from  the  fourth  ventricle  both  into  Ih"  contmt  canal  of 
the  H]iinnl  cord,  and  al84.)  into  the  subarachnoid  8{Kicn  by  which  it  ia 
snrroundetl.  Aiul  further,  that  fi*i»m  tho  ceiitml  canal,  at  the  eaxuc 
time,  the  more  retined  portion  of  tliiM  liquid  ia  driven  into  the  intcir- 
^tices  between  the  individuid  nieilullury  fibres  wliich  enter  into  tho 
runqM>fiitiou  of  tho  nnti'rior  ami  jtostrrior  spinal  roots  ;  while  from  thi- 
Mibarachnoid  space  which  oncomimi^ses  tlio  epiiud  cord  on  the  out- 
ride, especially  on  its  dorsal  side,  th<!  grosser  cerebro-spinal  liquid  is 
lin-iftellod  into  the  inti-rstircH  between  the  variouH  nerve-roots  er 
fjtfcicles  which  mako  up  thu  depfirtinj;  spinal  nervns. 

ISy  the  energy  of  the  spinal  coitl,  l»uwi*v*^r,  which  during  h* 
diastole  tills  iq)  nearly  thr  whole  of  tho  vcrtebml  canal,  the  exceM  of 
that  hubjiraehnf'id  liquiil  which  is  not  abMorbcd  by  the  dejiarting 
spinal  ncrve-voots,  cfii*ai)C«  out  of  the  vertcbnil  canal  into  the  largtT 
snharaehnoid  cisterns  in  tho  neighbourhood  of  tlie  me<lulU  ubIungaU 
:ind  C(<re1>ullum,  and  thus  riaas  from  the  vfrtebml  \i\U%  the  crrmid 
i-avity. 

Fntm  the  fact,  however,  which  hn«  hewn  abundantly  prrivnd  in  onr 
Note  ou  till*  "  Ro.s|.imtr.ry  Motion  of  the  llrain"  (Vol  I.,  p.  673,  ri 
"tf/.^  namely,  that  while  the  bratu  swells  and  hua  tt<t  dia.ifculc,  Ihr 
hmgs  expire,  and  Wr«*  ifrrnOf  it  follows  in  cumdustim  that  the  c«ivbff>* 
Hpinol  liquid  Hmc-s  into  the  cnuiinm  during  thtt  trxplmtion  of  the  luagtv. 
and  tlescendg  into  the  spuial  conl  during  tlinr  inspimtion. 

If  now  we  examine  once  more  the  condition  of  the  fnurth  veiitrichr 
while  the  cerebro-spinal  licpiid  is  Iwing  exjxdled  from  ita  easily,  wv 
litiil  tliat  this  tuke«  placu  while  tlio  grev  subet)iDc»<  of  the  uietJaJU 
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oblougatu  18  being  expandcil,  luid  thu»  while  tlic  floor  of  the  fourtJi 
ventricle  is  being  ruisod  nj).  And,  on  the  other  liand,  it  lui])penR 
while  the  peduncles  of  thn  ceroholluin  ;ire  being  contractod,  and 
hence  lessoiietl  in  width,  and  at  the  mime  time  lengthened  and  tlnis 
sproad  apart  For,  according  to  one  of  the  general  rules  laid  down 
by  Swedenborg  conreming  the  motion  of  the  brain,  "i-acU  fibre, 
vein,  and  sinus,  at  such  iirno  an  they  subside  and  are  oonstrieted,  are 
lengthened  out  anil  rorrotatod  in  respect  to  their  width,  and  tnrv 
vermt*'  (Vol.  L,  no.  467).  Now,  if  the  cerebellar  peduncles  which  form 
the  greater  ]iurt  of  the  mof  iind  nidca  cif  thn  fourth  ventricle  an- 
exteihlotl,  and  thus  spread  afmrt  during  the  expansion  or  diai^tole  of 
the  cerobelliim  and  medulla  oblongata,  it  follows  tliat  the  medullary 
edges  of  the  ventricle  (ire  unfolded  at  the  same  time,  and  hence  tl«il 
the  urea  of  this  cavity  is  enlarge<l,  imd  thus  that  the  fourth  ventricle 
Una  it«diiiatoli'  during  the  same  period.  From  this,  however,  it 
follows  again  that  the  fourth  ventricle  has  its  diastole,  that  is,  in 
enlarged  in  widlli,  while  the  lateral  ventricles  have  their  systole  ;  and 
farther,  lliat  the  fourth  veulricle  iliscliargca  its  oontenta  during  itt* 
diastole,  while  the  latend  vontnclea  discharge  them  during  their 
systole. 

20.  All  thew  puint«  art;  fitatod  clearly  in  the  following  paaaagcK 
from  our  author : 

**  77j*'/r)«r/A  pftifrir/f  IK  u/nnnf  atvi  row^itu'M  in  rt  pi^uliar  icai/. 
For  this  HKitinu  8eems  to  be  a  kind  of  luifolding  of  tlie  edgeb  of  tlic 
vnntriele,  and  an  elevation  of  it*  fliior  to  such  a  degree,  that  if  it 
coQt)UJ:)8  any  liijuid  at  All,  t-'Ki^cially  in  t)ie  cjilanius  soriptiirius,  it 
ejects  the  same  8\iperiorly  in  a  pliiee  where  it  is  not  covered  up  by  a 
ceiling;.''  .Viid  again,  '*  It  thus  Hi'oniA  that  wlien  the  bottom,  and  at 
the  same  time  the  cxlnMuity  t.if  the  jkius  Varolii  i*  raised  uj>,  the 
cutamua  scriptorius  uufohLs  its  edi^ea,  and  piirtly  aUo  the  rest  of  th>' 
fourth  ventricle^  that  is,  the  upjKjr  part  of  its  cavity ;  whence  it  is 
that  this  latter  part  j)ixi{Hd8  iin  liquid,  if  it  contains  any,  into  the 
calamus  scriptorius,  rath*'r  during  the  f^tate  when  it  is  unfolded"  (no. 
71f»4 

"  From  the  thnisting  forth  lUid  dmwiiig  baek  of  the  itedunclea  of 
tho  ccrcYjcIlum  there  results,  as  fi<om  their  efticient  cause,  the  dilata- 
tion and  eoufltriction  of  tho  frmrtli  vrntricle.  It  apiM-ars  thence  thnt 
this  ventricle  is  widi^ned  and  spreiid  ajwrt  in  its  middle  when  the 
Kuperincumlwnt  jjedunclcs  stretch  themselves  and  ]wur  themselvo* 
out  on  all  aides ;  but  that  the  rcver^w  happens  when  they  draw 
ihemsi'lves  biuW.     The  diM^-tnle  of  this  cavity  thus  Imppens,  whon 
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the  rorobelJmn  sltt-lohi-H  out  iU  (ibn's  ;  Liml  i-s  \s\w.x\  llu-  (.•ftvln.'UHni 
uxpanUs  itself :  but,  under  u  irvci^o  condition,  tliv  fouiili  veulridr 
has  ita  systole.  Tlic  very  way  in  wliirli  this  cnvity  nms,  (ir  in  wUicli 
it  ia  notclied,  sIiovh  thiit  its  o<1x«*k  arc  tiufoWr'rl  nn*!  its  rio(.ir  i-a^t  up 
by  the  opjxmto  modiiUn,  *.^.  tho  jioiui  Varolii  duriu^  that  time  [thnt 
18,  daring  tht*  diaatolo  of  tho  veiitrick*].  liut  when  tho  voutriclo  is 
thus  fonatrictod  [or  Hutlenetl  out  by  (he  elevation  of  \\»  floa]  Ihi- 
imdostid  lymph  ih  driven  out  fn>ni  its  middlt!  towanl«  its  extremttir» 
on  cither  side  ;  namely,  ajjaiUi^t  the  valve  of  Vicuftsen«  which  is  abovf. 
as  well  aA  into  tlie  calaiiiuti  ncriptorius  wliich  id  lichiw  ;  and  tliuw  it 
JB  oxpre8sed  into  tho  nlM»ve-nanii'd  dujtlieatnro  [in  th<-  t<^la  rbnrnidm 
inferior]"  (no.  TIT)). 

"  From  wluit  ha.s  Iwen  said  nlM>vt',  it  follows  that  ihf  dilatiition  of 
this  vputriiln  ami  the  ojrvation  rif  it«  t!i>ov  e*iincido8  .  .  ,  wiUi  the 
aproading  afiart  of  thf*  ]ji*ocrHHt'A  of  Ww  cenrbcllum,  so  that  thmugh 
tho  mediation  of  the  cerebolhnn  while  the  veutriclo  ia  being  widnnrd, 
it  ifi  alflo  shortenetl.  It  further  eoin('i4U'n  with  tlie  eontm<:tion  and 
elevation  of  the  spinal  cord,  .  .  .  evrti  a8  it  i^oincides  witli  thi* 
txpresfiion  of  tho  liquid  out  i«f  tho  choroid  plexus"  (no.  7l«'>i)- 

**  Kvery  jiart  of  the  spinal  cord  goes  through  it**  syhtaltic  unil 
ilinstaltic  motion.  Front  tin-  iletunnination  of  the  fibn*fi  follows  tlie 
mode  in  which  earh  jHirt  of  thu  e.oixi  aeconipliiiht^s  it«  expaii»iottf : 
namely,  it  expands  in  width  and  at  the  aami'  timn  in  lengili,  no 
a*  to  fill  up  the  vertobral  canty  with  \\a  wlmlo  Wdly.  For  the 
cervical  fibres,  many  of  which  arc  longitudiriiil  and  the  rf>flt  tranaTm^ 
extend  in  len;,'tl»,  while  they  exjHUul  in  width.  Tho  «uue  lit  tho  ra*! 
in  the  dorsutn — thrit^  thc^  spinal  rnid  also  Ik  eli*viite«l  [that  \^  iff 
extended  or  »tr»'tehwl  npwan^ls],  while  it  is  Kuuk  widened  ;  for  ihi* 
lon;^'itudinul  tihroH  extend  or  stn^tch  it,  Imt  the  spiral  onia*  oxt4*ind 
im  well  as  widrn  it.  Thoso  which  ar*.-  «till  furtln-r  down,  or  Ui(i8»»  of 
tho  Cauda  Of|uina,  dimply  extend  \%x  elevate  the  Mp[MT  i-onl,  bnl  do 
UMt  widen  it  HcUveen  the  eandex  of  thubc  lihrrw,  howcvor,  and  the 
walla  of  the  vcrtiibral  ojivity  a  small  spoco  mi»(*iu8  t^i  l^ie  Ipft,  whore 
there  is  a  plare  for  tlie  rc^eiition  of  *>nie  litpiid  which  is  then  ln'in^; 
exprniaod  [out  i>f  tlio  veutriculuH  tcmiinnlis  of  the  central  uanul]. 
Thia  coiuoide«t  wiUi  the  |ie.riodfft  of  vx)taugiou  and  c-onHtriction  of  liotb 
brains.     For  when  the  brain  is  exjijindrd,  it«  nn*d'  '  n.l- 

in;»  to  nil*-s,  is  i- x tended  ;  eontw'cpiently  alwt  the  i  jMifc^ 

alfiug  tho  ^pinat  cord  ;  and  consequently  the  Hbre  of  tb**  m«danB|  lU 
cortex  bein^  then  exjiandwl"  (n>».  810). 

"Aft  iift»'u  (i-s  lid*  twii  limins  nTtinialo  [that  i»,  eonlm»*t  or  I'Tinrn], 
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uiul  with  tlioiu  the  spinal  cord,  thoy  How  into  their  uorvus,  and  the 
ut'n'es  into  the  mufloles;  oon&equontly,  aIso  into  tho  intercostal 
iiui.<clc8 ;  and  when  these  contract  thoinsclvcs,  the  ribs  are  raised  and 
I  lie  thorax  ia  expandod;  and  thia  coiucidcs  with  tho  momentit  when 
tho  lunga  iVwpin?.  Tho  outlyinj;  little  ganglia  are  c-on8triete<!  at  the 
Kanio  time,  and  by  &  sort  of  omtrnction  exert  a  force  on  the  same 
uor^-es"  (no.  HI  8). 

*J1.  The  laws  of  motion  which  are  claimed  here  for  tho  sjjinal  cord, 
the  medollu  oblongata,  and  the  cerebelhuii,  and  which  result  in  tho 
movement  of  the  cerebro-spinal  Iit|ui(.l,  havo  been  abrnidantly  conlirmod 
by  the  facts  of  modorn  science  in  Note  I.  (Vol.  I.,  pp.  645-700),  to 
which  we  refer  our  readers.  StLll  tho  reality  uf  this  motion  is  for 
fi*um  being  universally  rfcognistnl  by  tho  men  of  science  at  tho  present 
day,  and  mtuiy  perhaps,  at  the  lirsl  blush,  would  chimo  in  with  Dr. 
*»>uincke,  who  says,  "I  emphasize  my  statement  here,  that  I  8j)e;»k 
only  of  the  movement  of  the  liquid^  but  not  of  a  movement  of  the 
bmin  or  spinal  cord  ;  for  flucli  a  innveraent,  at  least  in  the  case  of 
the  brain,  is  refuted  by  the  in^yrtiun  of  glass  windows  into  tho  cranium 
by  l^onders,  Leyden,  etc."  (iJ}t.  at,  p.  162) — although  the  fallacious 
n»a»onings  based  on  these  '*gla(?t»  windows"  of  Bonders  and  othera, 
liavo  been  exploded  over  and  over  again  by  the  experiments  of 
Kruntjois-Franck,  Mosso,  and  tithera  (see  VoL  I.,  p.  646,  (*i  mq.). 

Still  the  general  results  of  Swedenborg's  theory  of  the  motion  of 
the  ccrobro-spiual  liquid  are  all  o«.tiilirminl  by  the  reaoaruhes  of  modem 
^jfienoe.  Thus  the  fact  that  tho  cerebrospinal  liquid  escapoa  from 
the  subarachnoid  spac(^  tlirougli  the  sheatlis  of  tlie  departing  cranial 
and  spinal  nerves,  hiis  now  l»ceom(j  an  admitted  fact  of  science,  and 
IS  taught  in  the  most  recent  text-bo<iks  of  anatomy.  From  this  fact 
it  also  follows  that  the  chief  current  of  tho  cerebro-spinal  liquid  is  in 
the  direction  of  thos*^  places  where  the  nerve-roots  burst  out  from  tho 
central  organs ;  thus,  in  tlie  direction  of  the  medulla  oblongata,  pons 
Varolii,  and  corpora  qiiudrigemina,  and  in  the  verl<^hral  canal  towards 
tboee  points  where  the  spinal  ner\'e-rootfi  pierce  the  dura  mator. 

This  is  abundantly  proved  by  Quincke's  experimentH,  who  says, 
*'  In  ten  out  of  twelve  cases  when;  vermihon  was  injected  into  the 
Kubarachnoid  spaces  of  the  vertebral  canal,  the  colouring  matter 
]>onetruted  into  tho  cranial  cavity*  where  it  chiefly  accumulated  at 
the  base  of  th«  brain,  e«peciidly  where  the  arachnoidea  and  pia  mater 
are  separated  by  the  more  extended  meshea  of  tfao  auharaohnoid 
tissue.  •  .  .  ^N^en  injiicted  into  the  onmium  the  vermilion  remains 
tnowtly  at  the  base  of  the  bmiii,  and  at  the  sides  of  it?  convexity. 
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It  appttars  Wsidoa  ut  the  outlets  of  the  cranial  nerves,  and  in  ihr 
mfljority  of  caws  drscenda  into  the  vertebral  cavity,  where  it  pene- 
trates aa  far  aft  thf  cauda  equina,  the  vonnilion  being  deposited  in 
the  pia  mater  and  around  the  nerve-root«"  (Op.  cit.,  pp.  160,  161). 

Again  !ih  eays^  *'It  ia  eaaily  conceivable  that  the  tnicks  in  vrhicU 
the  cnrroiit  of  the  i-erebro-spinal  liquid  moves  are  chiefly  situated  in 
the  ampler  parts  of  the  subarachnoid  spaces ;  thus  in  the  craninni 
chiefly  within  the  range  of  the  soKjalled  subarachnoidal  sinuseiF— 
*oonflucnl3'  ^^agondii  (sec  above,  no.  2) ; — fiirthrT,  that  thence  there 
is  only  a  weak  current  towards  the  convexity  of  the  hemispheir*. 
Even  in  those  casea  where  the  injected  matter  was  introduced  lU 
the  crown  of  mie  of  the  hcmiaphcreft,  it  spread  chiefly  around  tlie 
corfwra  quadrigemiua  and  along  the  base  of  the  cranium.  Onl\ 
.small  iiunntitiee  of  the  ojlourin;,'  matter  were  carried  to  the  convexity 
of  the  opposite  ht-miflpherc  "  (Ibt'ti.,  p.  163). 

Krom  the  fact,  however,  that  in  tlio  living  subject  colouring; 
matter,  when  injected  inti)  the  vertebi-al  caiuU,  is  carried  by  the 
eerebro-spinal  liquid  into  the  cranium,  and  when  iT^jected  into  thr 
cranium  is  conveyed  by  tins  liquid  into  the  vortebnd  canal — it 
followH  that  thoro  is  »n  am,-en(lin^'  as  well  an  a  descending  cxurcnt  nf 
this  liquid,  as  required  by  Sweilenborg's  theory. 

The  particular  experience  of  Quincke  on  this  subject  is  as  follows: 
**  During  life  there  is  a  current  of  the  suliarachnoiil  hquid  in  a  posti^nv 
anterior,  iis  well  nn  in  an  autoro-posU'rior  direction.  For  thr  colouring 
matter  which  is  rtdmixed  t<>  this  liquid  is  conveyed  from  th»^  spinal 
cord  into  the  brain,  and  from  tlie  bmiu  into  the  spinal  cord  "  (p,  167  J. 
Again  he  says,  *'Tlie  pressure  exerted  upon  the  liquid  Varies  at 
different  times  and  in  dilferent  pbu^es  of  the  cerebrospinal  r;avity,  «• 
that  thero  is  a  movement  to  and  fro.  Tlic  respiratory  movpmc-nls 
operuto  as  a  pump  upon  tlic  liquid  under  consideration,  even  as  they 
exeil  a  similar  riroct  on  the  lyiiqdiatic  stream  in  the  pleura,  uiul  u|»on 
the  venous  bloud"  (p.  166). 

22.  As  to  Ihe  jwrticular  [Miriods  when  tlio  cerebro-spinal  liquid, 
rises  and  wlien  it  falls  in  the  cercbro-3]tinal   cavity,  wn    havn  fh*ij 
direct  ex]ioTimonU  of  J"xker'  and  others  to  show  that  during  oxpii 
tion  the  Liquid  rises,  and  during  inspirotion  it  ftalle.    In  tho  acooiuil 
of  hia  trtifh  experiment  he  says,  "  Aft*»r  trepanning  the  dog.  I  couM 
666  plainly  that  at  uadi  expirutinv^  1.  t)i««  1>raiii  row  ;  2.  that  a  liquid 

'  Ecktf  <A.).     "  PhyHinlofi;iiit'h«  Unn^nncliuugi^a   uWr  tiie  Btfwcigunjpa 
Oehtrns  iiui]   Rii'lcMtiiiiarkM,  iiiiNtMiboiiitriv   iIoti   Kinlhiw  lUr  C«Tytkroi]»fnalfl&*i 
dgkdt  Aiif  ib'aw|l>i*o."    .Smtt^mrt,  1843. 
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was  dificlmi;gLHl  mwI  of  ah  opening  in  the  dura  mater;  3.  that  u 
linuiil  wliich  collcctod  luidor  the  arachnoid  merabninc,  tirst  isitiKii] 
out  of  an  oftoiiinfj  in  that  moinbranf,  ami  oftcrwimla  pour«!  out  of 
tho  a|iortur(»  which  hml  bt'tMi  iiniiK'  iit  Iho  tlum  niator.  At  oach 
iwqnration  thi«  Itmiii  8ub«it(J&(I,  mid  no  inoro  liquid  >ni8  dischorgod" 
(p.  70),  In  a  foDlnotc'  he  iiddd,  "  In  this  experiment  it  could  bo 
BGon  very  plainly  hnw  oaMily  tho  motion  (Njnimunicateti  to  the  c(*rebro- 
Rpinal  liipiid  in  nno  ]K>int,  if  communicated  to  the  same  liquid  at 
a  dislaiit  [»oint.  When  the  obturator  ligament  \\\a»  toucheil  oiUy 
very  slij?htly — before  inurh  liipiid  hail  e«*:apd — there  was  at  once 
a  difsrlmrgo  of  liquid  nut  of  the  u]>crture  in  tho  cerebral  membranr." 

In  tho  actiuuiit  of  bir?  rlrtynth  experiment  be  states,  tliiit  "tin- 
^bro-fipinal  lujiiid  gushed  forth  and  filled  the  aperture  at  eocli 
nxpiration  ;  during  the  inspiration  it  waa  surkeil  in  as  it  wore,  ami 
di8a]»iMMired  "(p.  87).  And  in  hin  rt]/fiff'^ntfi  exiK^rinnnit  hv. 'djstTved, 
that  "the  ubtiimtor  lij^ment  moved  pUinly  synch ronously  witli 
respiration ;  it  r<w  during  exjamlion,  and  subsided  during  inspira- 
tion. Tho  <i4'rebD.>-Hi)ihal  liquid  pflcaprd  in  a  forcible  curn^-nt  during 
expiration.  .  .  .  The  metlulla  oblongata  and  spinal  ronl  rooc  at  each 
expiration,  and  HubHidcd  during  innpirdtion"  (p.  109,  ft  fuy,). 

Tliat  the  ('fi-t'bro-spiniil  liipiid  during  expiration  ia  under  tuo 
influence  of  a  gr('at4ir  pivasurr,  and  bonce  risoa  in  thi'  rruniid  iravity, 
Salathd  pn*vod  by  tho  gruphio  niothod.  In  his  drawing,  which  i* 
poproducod  in  Nnir  I.  (Vol.  1.,  p.  66;j),  it  can  Iw  hoou  clearly  how 
the  cerobro-gpimd  liquid  nM>8  during  tho  expiration  of  the  lunga,  and 
bow  it  siuks  or  sulMidcs  during  their  inspiration. 

Key  an<l  Kotxius  monHurud  the  ])rc!{aure  of  this  liquid  in  the 
vertebral  tuvily  hy  the  nmnomctor.  They  say,  "After  the  luiimolrt 
hud  been  brought  undor  thu  intlucnre  of  ether,  their  verte))ral  canal 
was  opened,  the  tluni  mater  was  exposed,  and  a  Bmoll  incisioM  miulo. 
.  .  .  A  Hno  gloAs  ran)ila,  which  wiw  connoctcd  with  a  mRnometer, 
wa«  then  iulroduced  into  tlie  atdianichnoid  spaco  thrcugh  an  ai.K'rtur<i 
in  tho  arachnoiileji.  .  .  .  Wo  communicate  aa  an  example  tho  follow- 
ing fu'rit^  of  ntiniberB  obtained  from  a  aucecssfid  experiment : — 


Onring  Inapi  ration. 

During  tilxpiration 

^m 

+  18 

^H 
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■ 

+  20 

^^        +it) 

+  20" 

"Studicn,"  etc.,  Vol.  I.,  p.  ls*J.) 
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The  valuM  here  indicated  are  tlioeo  of  iniltimBtGK  of  meivui-). 
Key  and  RutziuD  pnjved  by  Uieir  exiierimcnts  that  tbr  pressnro  of 
tho  ccrebro-spina!  liquiil,  nn  tho  whulo,  is  somewhat  highor  tliaii 
that  of  thu  blood  in  tlie  longitudinal  sinii-s  although  the  differtiiicc 
docs  not  amount  to  min-h  ;  and  further  that  the  pressure  is  dttniniNhttd 
during  inspiration,  and  incrcancd  tluring  cxpimtion. 

23.  Thy  upwanl  cUJ-K-nt  nf  the  c(?rcbro-fli»inal  liquid,  during  tlic 
expimtiou  of  the  liingn,  acconling  to  SwtHlciibovg's  Uicor}-,  is  bn")Ught 
almut  thus  :  During  the  expiration  of  tho  lungn  the  cortiral  dultslano* 
of  the  brain  and  spinal  conl  expands  and  swells,  and  the  tnedidlaQ' 
or  fibrinous  sulistance  coiitnicts.  During  tht*  contraction  of  tht* 
fibres,  however,  the  intorstieea  between  Iheui  aiw  open,  wUernfon* 
during  the  expiration  of  tho  lungs  the^e  samn  intersticea  an?  recept- 
ive of  the  cert?bro-8pinal  liquid.  While  tho  grey  sulwtjmiM^  of  tlii' 
cord,  hoWL^vor,  undnrgors  itj*  expatiailo  or  diiiStoltio  motion,  itn 
medullary  aubntanc^:'.,  aa  ahowu  above,  extends  longitudinally  and 
expands  in  width,  so  that  gradually  it  filla  up  thv  whole  of  Uie 
vertebral  canal;  and  in  proportion  lui  it  does  tuj,  tlie  tturplua  of  tlio 
oerebn^apinal  liquitl  whi«'h  id  not  ahsorlM^d  by  the  dc|>arliiig  uorvo- 
roots,  is  urged  out  of  the  vertebn\l  cavity  into  the  "conHuonta''  or 
ciatenis  of  tho  siibamclinoid  spaiefl  in  the  iiraniiuu.  Hence  the-  riw 
of  ihc  con^bro-spimd  li(|uid  during  tlio  expimtion  of  ihi-  liniga. 

Th?  prt^ssure  in  thiH  liquid  is  thu^  caused  by  tht^  DX|)ansile  fotre 
which  4I wells  in  tho  cortical  or  grey  mibstaiire  of  tho  spinal  cord. 
And  this  prpsaun*  is  required  in  oi-dt-r  that  this  liquid  may  bo  ut^d 
into  all  the  inturhticeH  of  the  departing  ttpiiiul  jiervea.  Thia  energ) 
of  the  cerobn>spinal  liquid,  liowever,  is  illsplayed  only  durhig  the 
diastole  of  tho  cortifid  substance;  for  iiuring  iU3yi*tole  the  nerrouw 
tluid — the  animal  spirit — which  ia  prepare*!  in  the  grey  glandules  or 
iicrvc-oclls  ia  pumped  into  the  medullary  and  norvoua  fibiva ;  wheic- 
fore  these  fibres  have  then  their  diiiBlole,  and  during  theu*  dia^ttole  ui- 
expansion  the  interstices  betwet^i  them  urn  clotscd  against  any  furthrr 
:ulmission  of  the  eorobro-spinal  Liquid.  The  energy  in  the  ounvni  nf 
this  liquid  is  therefore  displayed  at  the  time  wIm'h  it  ii  ^     tbr 

ernnial  cavity,  as  bus  been  fully  contirmed  by  Quinoke'8  -  iit»  ^ 

for  he  says,  "The  aaccndiiig  current  from  the  vertebral  <^vity  inh* 
tho  cranium,  upon  the  whole,  aeems  morw  jKtwtirful  iJian  llie  dn»cc«tfiil- 
ing  current ;  since  Ihr  rennilion  was  wvrried  much  morvi  ctipiouiih 
anil  conatantly  in  thr.  fftmier  than  in  the  latttrr  diroction"  (p.  163). 
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Ma^fiitlic  nnd  EcktT^  uiul  their  explouutioii  is  Klill  quotvU  with 
njppMbatioD  at  tliu  jniiACiit  day.  Ecker  in  hia  explnimtioii  ba&CB 
hiiUHf^lf  on  iIh'  gi*norully  known  fact  that  th<^  veins,  csjicciallv  thofli* 
trithin  tlio  ratliu.-*  ijf  Ihi*  tliortix,  swell  tluriuj;  the  expirntiou  of  thi: 
lungs,  and  RubAido  during  their  jut^piratiou.  He  says  on  thia  ftubject, 
"  Ft  iH  woll  known,  mid  has  boen  noticod  by  older  obstftvera  (at* 
Hallf-r,  Ijinmre,  Widwlorlf),  that  thr  veins,  ut  Iwist  their  largtn- 
trunks!,  awcU  during  vxpinitinn  ;  that  they  then  toeni  with  blood  and 
turn  bhie ;  while  during  inN[nn»tion  they  sulwido  and  become  flat." 
And  Again  h<5  says,  **  When  a  vein  is  cut,  the  blood  Hows  out  of 
tlie  central  end  much  morf»  copiotiflly  during  expiration  than  during 
inspiration"  (O/*.  c/'/rt/.,  p.  61). 

Tlin  lidino  fact  he  ajiplie?;  lo  tlio  veiuH  in  the  interior  of  tbo 
vertebral  cavity,  Hn«l  he  maintains  that  thetip  vein:*,  that  is,  the 
anterior  longitudinal  spinal  veins,  wliich  he  £itylea  the  vert<Abral  or 
spinal  sinus^'S,  during  the  expiration  of  the  lungs  are  80  much 
exjMuitled,  that  they  displace  the  re^^?b^^-3pinal  liquid  out  of  the 
vertebral  cavity,  causing  it  ttt  riso  into  the  interior  of  the  craniwn. 
^^lincke,  in  asBenliug  lo  tJiis  hypotiipBiH  of  l>k«r,  Biiyw,  "Ecker  has 
clearly  nhown  in  what  way  the  respirjUory  motion  of  the  corebro- 
qiinul  liquid  in  bnmght  alnjut.  Tlu;  vtsuous  plexuses  of  the  spine — 
Ihu  anterior  longitudinal  i^pinal  vein — wliich  are  yielding,  duiing 
luHpiration  sulfide  mor«\  and  during  expiration  exjiand  nntre  than 
the  »inu8eH  of  the  eruniuni  with  their  unyielding  walls.  iJy  this 
eironmsftanco,  during  ex]u'ratioii,  tlu?  cerebro-epinol  liquid  is  expelled 
from  the  vertebral  mvity  towanli*  the  craidum,  while  the  opposite 
tokeH  place  (luring  iiispimlicn  "'  ((>/'.  ritaf,^  p.  103). 

The  fault  m  tliis  reiwoning  XHJirti:  SupjKwe  the  anterior  longi- 
tudinal spiniil  veins  ividly  swell  during  oxpinition,  whieh  they  do 
not — Oft  will  pn'iiently  be  Hlmwn — the  swelling  of  thi'se  veins  would 
soawely  be  jiroductive  of  sufficient  diflplaeeniont  in  the  vertebral 
wivity  aa  to  cause  j<ucI»  a  foi-cihle  ejectment  thence  of  the  cerobro- 
Hpinal  liquid,  as  is  dew •ril>ed  by  Kcker  in  the  aecuunt  of  hiy  experi- 
ments, liut,  w^^//«'////»  aa  ha«  been  proved  by  Key  an\l  KetziuH  by 
direct  experiment :  the  Binu«*i*  ami  blooil-vesseU  within  the  encephalic, 
and  thu*  within  the  Hpimd  iravily  wlath  are  goveme«l  by  pivciscly 
the  same  conditions,  an^  iiilect*.'d  by  the  expiration  and  inspinitiou  of 
the  liings  diticrently  from  what  are  the  veins  and  arteries  in  the 
tliurax  and  in  the  ri?iit  ol  the  body.  For  during  tlie  expiration  of 
the  limKH  the  prewtun-  in  the  cen-bral' and  consequently  in  Ute 
si>innl   vesH4'ls,  (h  wii-i  pr*>vrd  ex|M'rtmentdIy  by  Key  and  Retxiuis 
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inrretiMi*^  and  hence*  tlioso  vcsseU  are  tlien  contmoted ;  for  Uio 
prosBUTG  of  the  Mood  in  tho  blood-veaaels  inrmaacs  during  Uieir 
period  of  contraction,  and  it  dccrcaBoe  during;  tho  pvriod  of  th«r 
iinpletion.  Whcrefiire,  tlie  interior  lonj^iUidimd  spinal  voinB  or  ver- 
tebral sinuses  do  not  swell  during  the  expiration  of  the  luii;^,  a«  i» 
maintained  by  Mflgonilir  nnd  Eckor,  and  after  them  by  i^uinoke,  but 
are  pven  omptiod  and  dcjtlotod ;  and,  tlicn^forp,  !he  whole  of  that 
tlipory  which  tht-y  hum.'nX  '>n  the  supposed  swelling  of  these  simiiSOtf 
during  tlic  expiration  of  the  lun^s,  fall^  to  the  ground. 

Coiuparo  the  account  of  Key  and  Retzius  of  tho  experimenls 
iudtituted  by  thoni  witli  tlie  view  of  uscortaiiiing  the  pressure  of  tb* 
hloo*l  in  the  superior  loiij^itudinal  sinus  during  the  expiration  antl 
inspiration  of  the  lungs  in  "Sludion/*  etc  (Vol  I.,  p.  188),  •« 
quoted  in  onr  Vol.  L,  p.  301,  rt  st^/. 

EckcT,  iiidpod,  wart  willinj*  to  a8c<^rtain  by  ocular  inspection  the  fact 
that  tlie  vertebral  sinuses  jwr//  during  expiration ;  but  his  experiment 
faile(L  In  tho  aci'ount  of  his  aightoenth  exiwriinent  he  sjiys,  •'Th« 
ohturatnr  ligament  in  a  dog  was  somewhat  folded  1)ack  on  either  side, 
in  order,  if  possible,  to  make  a  direct  observation  of  the  swelling;  of 
the  vurtebnd  i^i  mutes.  On  the  interior  Hurfaee  of  the  dura  mater,  tht< 
bluish  ^inue  whj^  indofd  noticed  extending  along  the  ix>8to.rior  roots, 
and  at  each  expiration  they  ivf-mnl  to  swell.  I  now  tried  to  loown 
carefully  the  ligament  from  the  upper  odge  of  the  atlas  with  tlu^ 
view  of  increasing  tlui  i\M  of  virion,  but  an  unavoidable  lesion  el 
one  of  the  sinuses  prevented  all  further  observation  *'  (0/>.  fit.j  p.  110). 
25.  Paulot  *  also  npeaka  of  a  continual  rise  nnd  fall  of  the  oprebti>- 
spimd  litjuid,  synchrcmous  with  the  movements  of  respiration,  which 
was  observed  by  Mag^-ndie.  lie  says,  "Direct  examination  aliow« 
in  a  complete  manner  tlmt  the  uerebro-spinal  liquid  is  subject  to  a 
constant  chniigr  of  place,  to  an  incessant  ascent  nnd  descent  from  the 
cranium  into  thn  spinal  cavitj*,  and  tV'V'  r^r^a.  Magendie  was  the 
first  lo  direct  attention  to  this  double  movemont,  and  ho  observed 
that  it  is  synchronous  with  the  movements  of  respiration :  During 
inspiration  the  liquid  flows  into  the  sfnual  cavity,  during  uxpiiutiou 
it  as<'t!Tida  into  the  rranium.  After  exposing  in  a  living  he-goal 
the  interior  of  tho  cerebral  ventricles,  this  physiologijit  saw  how  ni 
each  expiration  tlio  h'quid  rontained  in  these  ventrii  I  .   '  '<  »w 

it  subsided  at  each  iiutpiralion,  as  Uioiigh  it  wnre  iil  jed 

and  altsorbed  by  tlie  spina]  cord  *'  (p.  59). 

'  Pftulet.     "C*fpk*lo-rai-liitIinn  liqtiiilr,"    la  "  DictioDBain'  •'otycloirfxliipM 
fli'H  ncicoi-M  iiii'difwlc*."  Vol.  xiv.     T^iriK,  1573. 
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Wo  do  not  propose  to  impugn  the  correctness  of  tlio  fact  -which 
Pflulel  quotes  hero  from  Mfigrndie — ao  for  as  u  riae  and  fall  of  a 
liijuid  in  the  lateml  vrntricles  is  coucorned ;  liut  we  object  oltogi'thcr 
to  his  idontifyinfi  this  liquid  with  thn  cyrchnHSpinal  liquid,  and  to 
Iho  rood  hy  which  Magemlit' '  liriUls  that  tho  ceri^bro-spinal  liquid 
makeA  ita  way  into  tlio  lateral  ventricle**.  His  language  on  thi«  sub- 
ject in  us  follows :  "Aqueous  or  other  injections  made  from  the 
jtpine  into  the  Biiharaoluioid  space  have  never  failed  X^\  arrive  in  the 
hilurul  ventricles.  The  route  which  they  follow  <>  hnjiFtt  to  every 
mm  i  and,  if  1  detail  it  here,  it  is  only  for  the  purpose  nf  not  omitting 
anything  important.  The  lifpiid  Hrst  enters  the  ventricle  of  tho 
repcboUum,  which  it  fills  completely,  di.ttending  its  walla  j  it  raises 
tho  valve  of  VieuHaens;  afterwanls  it  penetmtes  into  the  oannl  which 
IoikIh  fn»m  the  fourth  into  the  third  ventricle,  ami  which  by  Sylvius 
Ims  so  iipproprial^ly  bei-n  i-nlKtl  tlie  a<iueduit'  (pp.  2H,  29). 

Marc  See  already  objected  to  this  jHjsitive  hmgimge  of  ^lu^endic ; 
for  wiys  he,  **  From  tho  fact  that  the  liquid  iiyci.'ted  through  tho 
Mpinal  cavity  made  iUi  way  into  the  luti>nil  ventriclet;,  it  does  not 
follow  necesaarily  that  it  pursued  the  way  indicatetl  hy  Mngendio, 
and  fturtdy  that  gentleman  himself  has  not  seen  the  liquid  making 
its  way  succejisively  throujjli  the  diU'eivnt  jmrts  jxiintud  out  by  him  " 
(np.  r#'/.,  p.  295). 

As  for  our  part,  we  do  not  object  to  Magendie's  statement,  so  far 
as  he  describes  the  course  which  an  injection  makes  in  a  dnad, 
eollapseil  brain.  On  tho  aanie  ground  also  we  fully  agree  to  tho 
correctness  of  the  experiments  of  Key  and  Retzius,  who,  under 
similar  conditions,  injected  tho  laterid  ventricles  even  with  congealing 
substances,  throtigh  the  sJime  eounse  pointed  out  by  Magendie.  Hut 
we  maintain,  iji  ueconlaucK!  witli  Swedenborg's  theory  of  tbe  brain, 
that  in  the  living  subject  tho  cej:Gbi'o-spin&l  liquid  does  not  pass  into 
the  lateral  ventricles  by  the  way  described  al>ove  by  Magt«ndie  anil 
Paulet;  and  herein  we  are  fully  borne  out  liy  t^uincke,  who  experi- 
mented on  the  circulation  of  the  ccrebro-s]iina!  liquid  in  living 
animals. 

In  tho  firat  iilacc^  although  tins  author  assents  to  ICcker's  explana- 
tion of  tho  rise  and  fall  of  the  cerebn^-spinal  liquid  in  the  subarach- 
noid space,  he  takes  issues  with  him,  on  the  ground  of  the  results  of 
his  experiment!*  on  the  living  animal,  as  to  the  existence  of  a  current 
m  the  sul^rachnoiii  space  into  tho  fourth  ventricle. 


liqun 


'  MtgeinHc    (Kmnjois^,      **  Rpcherclica    sur  l«  h<itmli>  i.-^p}udo>nchtdt«ii. 
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lie  8ay»,  "Tlie  only  i>oiiit  whei-e  1  feol  eoni]xUlod  to  oppose  Eckt'i*  i» 
tliis,  timt  through  tin*  rise  und  fiill  uf  the  oiTi^bi-o-spinuI  liquid  an 
altcniat*^  impletion  luul  df^plotion  nf  tlit*  laU'rn]  v*MiLrid<'  is  effected ; 
for  if  this  weie  a  fact,  vm-milion  woulil  hav«  Inten  conBl^mtly  j»Wt*ent 
in  thene  cavitiGH  "  {Op.  ri/.,  p.   163). 

And,  iii  toiuluHioiij  in  Kiiumung  up  the  itisults  of  his  experiimuiU, 
he  Kayn:  "  ].  If  in  uonu  of  niy  expei-inioutA  the  colouring  inAtti*r 
entered  into  tho  iMnitrid  canal  of  the  Kpiuol  conl,  into  tbo  perivasciibr 
jipaoes  of  tin*  brain,  or  in  tluwe  of  the  spinnl  cord,  the  rpiwon  prohahly 
ifl,  Utat  in  a  nonual  condition  the,su  t:|>a(;cj^  imlced,  diach&t){e^  thotr 
(Contents  into  tlm  suhftrnchnoiii  qioco,  without,  however,  rf^ceiving  any 
liquid  fh)iii  tht'  subarachnoid  8i>ac«'  in  i'<»tuni.  2.  The  ventriclw* 
also,  in  a  gt'nviid  tliffusion  of  the  colouring  matter  throughout  th*' 
brain,  Bcarcely  ever  contained  any  freo  vermilion.  In  a  few  caee^ 
only  it  liad  found  it*<  way  int^t  th«»  inUTior  of  the  ventnclca  imbeddeil 
in  stnvy  piutich>s  of  pus,  or  in  ilalics  formed  of  similar  piirticles  by 
which  tlioy  had  prukihly  been  conveyed  thither.  Tliia  negative 
i^esult  Khows  that  it  \i<  impossible  for  a  cuirent  of  this  liquid  to  take 
]>lace  r/j/o  tht*  vuntrirlcij ;  juHt  as  little  as  there  iu  an  alternali* 
indux  and  ertlux  of  this  liquid,  cautjed  as  a  collateral  result  by 
the  current  of  the  cerebro-«pinal  litjnid  under  the  ioilucnce  of 
jvapiration.  If  wo  must  still  admit  an  oi>j»nin^  in  the  iKwteriop 
part  of  the  fourth  ventricle,  there  romaina  now  only  the  jtoHAibility  of 
the.  .  .  flow  of  a  liquid  oirf  */ tlie  fourth  ventricle ;  which  possibility 
is  supported  by  the  opinion  of  tho.se  anatonjijtts  according  \m  whom 
the  choroid  ph'.xu8<'s  are  orj-puis  of  ^ecrftion  "  {thUL^  p.  172). 


^.  Tim  vARmvs  Spscibs  asd  Dhcrbes  of  thr 
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26.  Acconling  to  BModonliotig,  tliero  are  liitrliuctione  and  degiviss 
in  the  liquid  which  cirnilat-OP  through  tlio  interstices  of  a  nerve; 
and  hence  in  the  liquid  which  [Misses  tinder  the  general  name  of  thv 
corebru-Bpinal  liquid.  A  mon>  retined  kind  of  liquid  tliufl  circulatis 
Ihrouf^h  the  Imist  spaces  aMund  the  indivitlual  fibres  of  u  '  vr 

4'onsiats,  and  a  gn>««er  kind  through  tlif  ftpucoH  of  tlio^'  .ad 

membranes  by  wliich  tbe  ner\'e-roota  or  fa^ciclce  aro  nncompaaacMl, 
and  albo  through  the  8pace«  of  lliat  gmi-  ^   "   "  '     ]| 

un  ontiri'  nerve  i*  iiiVOftlcU,     A  gent-ral  - 
•loetrinc  of  the  ucn'o  and  it«  IntotsLivoe  \%  m  follows  : 


-.'  "^ 


ITS  VARIOUS  SPECIES. 


59' 


'*  Th^  tiiniph'^tfihtst — till'  fibrils  whioh  fomposo  the  airia^ylimlBr 
— jiW!  inviHiblo  U)  tlte  »^yo ;  tliey  <*x«'it(-'  th<*  aul>tl«  mctlolla  of  each 
'orticjil  jMirLii'le.  Tlie  ftM  *itn}ilf  fihrvti — tins  incditllntod  mul  non- 
iiiotliillutctl  tibrca — are  lhw*«  wliich  aiv  prodncc*!  fr<u»i  tlu'  whole 
rortir^il  or  groy  sulwtance,  :iinl  rnnstitute  tho  medullary  iibre  of  the 
lirain,  and  the  iiervons  Iibre  of  tho  bcKly.  Of  thude  fibrus  iu  cum- 
l»oBod  tho  ;«rff-/curetWr'  or  bundle,  wliich  m  the  body  is  ivdIeiJ  a  small 
nrrvL%  but  ill  llit*  brain  a  *  nerve-root/  When  siioh  fiwriclos  or  root* 
arc  unitud  into  one  trunk,  and  covered  wilh  a  double^  and  perlia]»s  ii 
triple  routing,  they  give  birth  to  a  hcttv. 

''The  ;;eniiLin>  filire  itself  is  jt^rcioftJt ;  Itotwoen  the  hbitts  Hioro  are 
Hiiiall  iulerKtices ;  other  interatircH  of  the  same  kind,  but  larger, 
exlafc  lietween  the  faacielcH  of  the  6brQa,  and  lUso  bctwe«n  the  general 
i:tmting«  of  the  nerve  itself,  or  thow>  by  whiVh  the  faaciclen  an*  bound 
togeth*'r. 

*•  Wherever  iJi  tlic  body  there  is  anything  i>ervio\ia,  there  also  is  a 
llQViid  which  itassf'S  througli  it.  Through  tlie  genuine  fibre  there 
fliwlies  tho  so-cidleil  tmimaf  sjnrit,  Thvow^h  the  iiit*'r«lice«  between 
the  fibreji  ]Hiiises  a  noble,  highly-n'lined  liquid,  which  wo  shall 
denoniiniite  ihv  * ttpirihiofOf  lijnqih.*  Through  the  interstices  between 
tlie  fiLsi'icle*,  however.  tlier»'  jM^eolate*  a  jjiiiv  oleaginous  acw^ity 
ur  defi'eiiteti  liumonr — rrrfhi^-ff/tinnl  liquiff — wliofte  nftice  it  i«  to 
lulnicnte  ]>roperly  thef*e  bingo*.  The  Hame  kind  of  liumour  aleo 
^•ireulatea  bntween  the  coatings  of  the  nerve. 

"To  tbeao  Juicivs  rornv^pouda  exartly  the  imtful/nn/  trj-fur^  of  thf 
brain  ;  and  to  this  its  corticid  fabric.  The  lcxtur<»  of  the  meduUar)- 
fiubstunce  is  a  kind  of  perpetual  network  confiHting  of  an  infinite 
niimbrr  i>f  plexuses,  or  of  plexuses  l»etwixt  plexnwvi ;  and  this  kind 
of  ixtTn  paginal  ion  continues  as  far  iVi  the  corpora  mtriata  and  optic 
thalnmi,  where  the  fascicidar  structure  Itegins,  Fmm  this  extremely 
lixwe  kind  of  texture  rrsiilU  this,  that  the  'animal  npirits '  pass  in 
all  fr^MHloni  tlimngh  it«  fibrrs,  the  ^Hptrituou**  lymph  '  tlinjugli  tho 
inti^rAtiees  between  tho  tibres,  and  the  oily  sertmity — the  *r.erebro- 
ripinal  liquid '—Ibrongh  the  lai-ger  s|ieccH  between  the  fawciclee. 
Nfotyvover,  ammig  thewt  pIcxuwB  there  are  ga]]iiig  ravities  or  hollows 
wlkich  arc  ix^nneatwl  by  st'rosities  loo  gross  for  circulating  through 
the  fltructurti  of  thi^  nervoH. 

"To  this  arrangemoni  of  tho  medullary  texture  again  there 
iirrfespobdtf  the  f*frticaf  faftrie  of  the  brain.  Fur  tlierc  ana 
rndividttal  mrfiraf  fiartii'iei^ — nervc-collu  :  there  are  clusters  or  (fJonunt 
f'TTmc*!  "f  tliesi'  iHirlicles ;  and  again  there  are  larger  congerie*  or  fini 
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composed  of  these  glomes ;  and  «ach  of  Uictui  UivUions  is  surroundod 
Ijy  its  pores,  clefts,  iiitcratices,  sjwces,  niid  anfracluositii.'^.  Kvcrj 
individual  cortical  i)arti('le,  as  a  ginnd  by  «nninoiice,  jKHirs  iU  animal 
itjnrit  immediately  into  its  modixlkry  fibre,  nnd  into  tbe  nervous  fibre 
continued  therefrom.  From  the  smnll  intpretiws  arttund  theoo 
individual  particles  a  noble,  highly-ivlined  liiiuid — thu  Kjnnltnywt 
Itfinph — flows  into  the  interstices  between  the  fibres.  Fxom  the 
small  cells  of  the  arachnoid  membrane,  luid  from  the  clefts  arouuil 
the  clusters  and  glomes  of  these  particles,  there  distiln  a  pure  oily 
aerosity — the  i^erehro^^jniml  IviM — between  tlie  foscidos  nod  ahwi 
between  Uie  oowting»  of  the  nerve,  which  are  thereby  projwrly 
lubricated, 

**The  coarser,  mort*.  fntuilaan  hutttoui\  Imwi'Vi-r,  which  i«  sccruted 
and  collected  from  tlio  artorics  between  the  meninges  ur  iii  the 
nnfraetAtnus  fissures  of  the  brain,  is  not  derived  into  the  consUtaent 
parts  of  the  nerves ;  but  tliroufrh  a  porous  lamina — the  cribriform 
plato — is  naturally  determined  into  the  cavities  of  the  ethmoid  bone. 
Thus  for  oveiy  genus  and  species  of  moisture  or  htunoor,  bom, 
oxcroted,  and  cii-culntlnj^  in  the  braiti  certain  detenninatioris  and 
propter  pathways  an*  formed  and  designated  by  nature, 

**Tho  rod  blooil-corpuscle  contains  or  has  stored  up  in  its  boaow 
each  of  these  species  of  fluids  ;  and  when  in  the  threshold  before  the 
cortex  of  tlie  brain,  it  is  resolved  into  its  constituent  purls,  it  cnn- 
tributes  a  share  of  its  humour  to  each  jwre  and  intcmttca 

"A  nerve  thus  constituted  which  is  interpolated  by  oj*  uiany 
cavities,  as  perhaps  a  [lumicc-stonr,  the  tuf:L,  and  Uie  stalk  of  a 
bulrush,  and  which  is  jiormeatod  by  as  many  indigenous  juicM  90 
are  projter  to  it — is  inserted  into  the  musclois,  glands,  and  niembrriiw* 
of  the  body,  and  deposits  there  the  burthens  which  it  liean*'*  <1V., 
no.  70). 

**  i^ides  the  abovcuomcd  nubli*  lymph  which  iki/ci  uut  of  the 
cellules  of  the  amchuoitl  membrane,  anil  peuutrnUM  liolwoen  the 
interstices  of  thii  lil»res,  thcn^  is  nnotht^r  humour — //i**  jmi^furaf  jtoee 
— which  descends  out  i»f  the  cranial  cavity  around  the  Miiiual  conl ; 
namely,  that  which  is  wont  to  collect  between  the  [outer  lanuiw  of 
the]  pia  mater — thp  arachnoid  niembnine — and  tin-   '  "  rh** 

bmin.     To  this,  namely,  t'>  that  wliich  collects  aroin  ,  jin, 

no  <^ther  egress  remains  open,  except  the  posterior  part  of  the  fomxaim 
mofrnum,  and  thence  Ijelwuen  tlie  oiii  '  '  i'  '   tiai 

region.     All  tlie  remaining  ways  «i-  n»i 

veins  anywhere  by  which  it  may  be  atisorbvd  "  (L,  ivf.  773).. 
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-From  the  above  compendious  statement  concerning  the  nerves  and 
their  connection  with  the  central  organs,  we  see  that  Swcdonborg 
tUslinguishes  tliree  degrees  or  species  in  the  cerebro-spLnal  liquid 
Uiki»u  in  its  most  general  form.  The  liquid  of  the  first  order — the 
spirituous  lymph — courses  in  the  interstices  around  the  individual 
nervo-tibres ;  that  of  the  second  order — the  subarachnoid  fluid  or 
cerebro-spinal  liquid  proi>er  —  around  the  nerve-roots  or  fascicles 
which  are  ooniposod  of  the  individual  nerve-fibroa ;  and  the  liquid 
of  the  third  ordtjr — the  subdural  fluid — through  the  spaces  in  the 
general  coating  of  the  nerve  ;  through  these  latter  sjMices,  according 
to  Swedenborg,  there  circulates  also  the  liquid  of  the  se/xmd  order. 

These  various  liquids  we  shall  now  take  up  separatcdy,  and  discuss 
each  in  the  light  of  modem  experience. 


i.  7^  Spirituous  Lymph — (he  Certhv-Spinai  Liquid  of  the 
First  Order. 

27.  Concerning  the  liquid  of  the  first  order,  namely,  tliat  which 
circulates  in  the  intcratiuea  around  the  individual  nerve-flbres, 
Swodtiiborg  says  further : 

**  Kach  of  the  glandules  of  the  cortical  substance  is  si>paratcd  from 
Uie  neighlxjuring  ones,  and  encircled  by  a  sntall  space.  .  .  .  From 
this  Epoco  n  most  refined  humour,  rich  in  principles  and  elements 
subtly  sulphureous  and  ethereal,  (lows  down  between  the  fibrtis :  for 
no  otht.*r  outlet  is  open  to  it ;  wherefore  every  glandide  seems 
constantly  anointed  by  such  a  moisture  "  (LL,  no.  355), 

Again  we  read,  "A  subtle  liquid  distilled  from  the  least  artn'ries 

of  the  brain  .  .  .  penetrates  between  the  Ebres  in  the  fascicle^t  or  in 

tho  80-callcd  nerve-roots.     This  liquid  .  .  .  flows  outside  the  cortical 

spherules,  whuryforo  it  must  betake  itself  between  the  fibres,  which, 

in  alternate   periods,  are   pulled   and  again   relaxed,  or  which,  in 

[Altomato  periods,  open  their  interstices  for  the  reception  of  such  a 

[liquid.  .  ,  .  And  besides,  the  fibres  require  to  be  bathed  by  such 

[ft  liquid,  lest  they  should  coalesce :   for   it   is  a  matter  of  demon- 

ttration  that  tho  veriest  simple  fibres  are  held  together  among  one 

mother  by  the  most  delicatt!  membranes  .  .  .  which  of  a  necessity 

LUst  contain  a  moisture  through  the  mediation  of  which  tho  fibres 

kept  in  a  condition  in  which  tliey  are  able  to  act,  and  in  wliich 

ley  do  not  become  torpid,  as  is  the  case  when  there  la  no  fluid,  by 

rhich  they  are  kepi  apart"  (I.,  no.  715^). 
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Bat  as  to  the  method  by  which  this  liquid  makes  its  way  through 
the  medullary  or  white  substance  of  the  brain,  we  read,  "  The  fibres 
and  least  vessels  of  the  medullary  substance  of  the  brain  mutually 
connect  and  distinctly  intertwine  themselves  into  reticular  plexuses : 
for  there  are  lesser  plexuses  within  the  larger,  and  each  ie  enveloped 
by  delicate  membranes.  .  .  .  Thence  there  results  a  loose  and  spongy 
compages,  pervious  to  lymphs,  bibulous,  soft,  capable  of  expansion, 
free  to  act  and  fit  to  construct  nerves.  It  hence  appears,  how 
distinctly  the  medulla  of  the  brain  leads  the  humours  received  from 
the  brwn  down  into  the  framework  of  the  nerves:  for  each  fibre 
which  flows  there  most  freely  transmits  its  own  spirit — the  animal 
spirit ;  each  lesser  plexus  formed  of  loosely  flowing  fibres  pours  its 
purest  humour — the  'spirituous  lymph'  now  under  discussion — 
between  the  fibres  of  the  nerves ;  and  every  larger  plexus  its  oleagin- 
ous serum — the  cerebro-spinal  liquid  proper — between  the  fascicles 
of  the  fibres.  And  lest  the  liquids  shall  transgress  beyond  their 
appointed  pathways,  each  individual  plexus  is  enveloped  and  fortified 
by  a  certain  delicate  coating.  When  such  plexiform  fascicles  emetge 
out  of  the  medullary  caudox,  they  are  invested  with  pia  mater,  and 
presently  with  dura  mater.  Thus  great  care  is  taken,  and  provision 
is  made,  lest  the  enclosed  humours  should  escape  in  a  wrong  direc- 
tion, and  so  that,  on  the  contrary,  by  distinct  ways  they  shall  be 
determined  into  the  corresponding  pores  of  the  nerve"  (II.,  no. 
351). 

lis.  The  question  arises  here  first,  'S^^lat  has  modem  science  to 
say  to  those  purest  lymph-spaces  by  which  the  individual  cortical 
glandules  are  surrounded,  and  which  are  afterwards  continued 
aroimd  the  individual  nerve-fibres,  first  during  their  passage  through 
the  medullary  substance  of  the  brain  and  spinal  cord,  and  afterwards 
as  they  make  up  the  various  cranial  and  spinal  nerves  1 

AVe  may  state  here  in  brief  that  delicate  lymph-spaces  have  been 
distinctly  observed  around  the  cortical  glandules  or  nerve-cells  of 
the  brain  by  Obersteiuer  and  Bevan  Lewis,  and  that  they  have  been 
demonstrated  around  the  individual  nerve-fibres  in  the  peripheral 
nerves  by  Key  and  Retzius. 

Schwalbe  says,  *'  Obersteiuer  '  succeeded  by  puncture  in  filling  those 
spaces  by  which  the  laiger  nerve-cells  in  the  cortex  are  enclosed. 
He  called  them  *  pericellular  spaces.*  Bevan  Lewis  did  the  same" 
(Op.  cif,,  p.  725). 

^  0ber8teiner(H.).  "IJeber  einige  LymphiwxmeimGehinie.**  In"Sitninga- 
berichte  der  ^ener  Akademie,'*  Tol.  Ixt  (Abth.  1).     Wicn,  1870. 
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Bevjvu  Lewis  ^  says  :  *'  Erit/fenoe  of  PericdMar  Lijviph-ifatvt  in  the 

"aim. — My  fttteution  woe  first  attracted  to  the  significanoe  of  thcsfi 

?oa   by  .  .  .  thp   appearance   of   pexicellular   spaces   in    hoalUiy 

kraiiifi  ocuoftionally  whoK*  the  cells  appoared  perfectly  normal,  jind 

irtaiiily  not  atrophic.  .  .  .  la  all  cases  I  never  faiiod  to  recognise, 

W  careful  examination,  a  small  capillary  either  passing  imtii(\liately 

;ro5s   tho   nerve-cell,  or   ruimin;^  with  a  gentle  cune  along  the 

tnfines  of  the  pericellular  s^mlcg.  ...  In  umny  iustajicoa  a  distinct 

(nnexion   lietweon   perivaacular   and  pericellidar  spac-es  could  bo 

learly  observed   (p.   330).  .  .  .  With  reganl  to  the  mode  of  con- 

lexioa  it  must  be  remembered  that  the  pericellular  saoe  are  laterally 

[ispo&ed  alou}^  the  sides  of  the  smaller  capillaries,  and  in  no  cose 

;cupy  a  terminal  position;   hence  the  uervo-coU  is  l)athed  in  a 

rnstantly  renewed  current  of  lymph  oo  all  sidea  "  (p.  331). 

Bevan   Lewb  thus   confirms   clearly  the   following   ftositiona  of 

Iwedcnborg;  namely,  that,  **a  subtle  liquid  is  distille<l  from  the 

arteries  of  the  bmin,'^  which  liquid  **  flows  outside  the  cortical 

tlandulea." 

SwtHlonbory  says  further  that  this  liquid  *'  flows  down  between 
ihe  i^brea :  for  no  other  egress  is  open  to  it ; "  and  again  ho  says  that 
'•this  liquid  betakes  itself  between  the  tibres  which  in  alternate 
periods  are  pulled  fuid  again  relaxed,  or  whicli  in  alteiTiatc  periods 
[niwu  their  interstices  for  the  reception  of  such  a  liquid."     Inasmuch 
modem  science,  at  least  as  represented  by  the  most  recent  text- 
)oka  of  anatomy  and  physiology,  does  not  believe  in  any  motion  of 
he  brain,  so  also  it  does  not  believi'  in  any  drawing  and  rdiixiug  of 
the  fibres  of  the  medullary  sul>stance  of  the  brain  in  alt<'mate  j>eriotls, 
liereby  the  interstices  between  these   fibres  ore  opened   for  the 
[reception   of  a  liquid.     According  to   Swodenborg,   however,    this 
iquid    "must   flow   down    between  the    fibi-os,   because   no   other 
»uUet  is  ojwn  to  it."     The  only  utlicr  escape  for  Uio  liquid  is  by 
ftetuming  the   same  woy  by  which  it  came ;   which,  however,  can 
.'Arcely    be   entertainofl,    ItecMJUse    it    would    be    like    the   arterial 
»loud  returning  to  the  heart,  not  through  veins,  but  through  the 
[arteries  themselves.     Schwnlbo  acknowledges   plainly  that   **a  dis- 
charge from  the  above  *  i)ericellular '  8aca  into  lymphatic  clefts  or 
lymphatic  vessels  cannot  be  demoiistrated;"  and  again  he  says,  "  the 
»nly  real  lymphatic  vessels  are  here  the  *  perivascular  '  sjHices  around 

'  Bev«a  Le\ris.     "  The  RcUtiooship  of  the  Ncrve-CoUji  of  the  Cortex  to  the 
[Lymphatic  System  of  the  Bniu."    In  **  Procowiinp*  of  Iho  Royal  Society,'*  Vol. 
tXTi.     1877. 
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the  arteriul  vessels  which  commimicate  with  the  mibamchnoid  spaces  " 
(Op,  eii^  p.  7*25,  td  tify.) ;  which  aro  tho  iilentical  irpacoe  by  whicli, 
no^onling  to  Bevan  Ij^wia,  the  **  pericellular  sacs"  are  ftuppHed  with 
their  moisture.  Tho  only  satii^factory  escape  out  of  tlie  cliletaiUA, 
which  evidently  exists  here,  is  by  acknowleilging  with  Swndcnbot^ 
that  the  luoiature  in  the  *']>cricc]hilAr  snc^  "  is  cxpre8ae<l  in  altefnatM 
jM'rioii!*  into  the  iuteretictrfl  around  the  medullary  fibres,  which  aw 
continuous  witli  the  snmc  spaces  iu  the  periphcml  crunial  and  apin 
nerves. 

29.  It  is  interesting  to  watch  the  offoct  of  the  alternate  riae  a&d 
subsidence  of  the  cortical  substancef  according  to  Swedenboci^tl 
theory  of  the  motion  of  the  brain,  upon  the  liquid  which  we  an  nmr 
discussing.  Thi»  li<|uid,  the  purest  species  of  the  cerebro«pisnl 
flmd,  is  Bocretvd  from  the  IttUt.^  arteries  niul  capillaries  which  W9 
carried  atx>at  in  tho  smallest  clefts  and  sulci  of  the  grey  snbataneey 
and  it  is  expressed  into  the  perivascular  sheaths,  conastaug  of  piA 
mater,  with  which  these  vessels  are  fumishe<l  uptm  their  eatiwiee 
from  the  subarachnoid  space  into  the  substance  of  tho  bmin,  and  hy 
which  they  aro  attended  as  far  as  their  tenmnation  in  the  **  pen- 
cellular  spAoea"  around  the  nerve^olls.  At  either  end  of  thmo 
**  perivascular  **  aheaths  there  are  thus  lymphatic  spaces  wluch  reeeiTQ 
the  lymph  or  serum  secreted  from  the  arterial  twigs  and  capillaries ; 
namelyi  the  '* pericellular  sacs"  at  one  cud,  and  the  sahamehaoid 
space  at  the  other.  Whenever  tliis  nrteriea  swell,  tlio  penTaaoalar 
aheaths  are  contracted  and  i^ect  llieir  contents  into  their  reapaetiv* 
lymphatic  spaces ;  and  whea  the  arteries  contract,  they  expceai  {ran 
tha  blood  which  they  ooDTey  a  senaitj  cr  lymph  into  the  pezivaacalar 
elieaths  which  are  then  rapidly  dUed ;  that  is,  so  far  as  the  vweUing 
cortical  sultttance  axuund  them  permits  them  to  do  sa  Bj  Iha 
axpanKion  or  swelling  of  the  ccrtiral  snbstanoe,  howerer,  the  ouUela 
of  the  **  perivascular  "  sheaths  at  either  end  are  proamtly  ckebd  «]v 
ao  that  the  eoroeity  or  lym|ih  exexeted  into  theae  spaoes  remasna 
eonfined  in  them ;  and  indeed  ao  long  until  the  eortifial  aubsteim 
again  aabaidc$,  whexvby  the  openings  at  either  end  >  '  -:  nucsilar 

aheaths  an  again  diUte<l,  so  thai  they  are  able  : — u^a  their 

eootenla  into  their  rescpective  lymphatje  epaeaa.  While  the  ^'peti- 
cfiUnlar  aaos"  an  now  boiiig  filM^  tiw  atrreoeUs  which  aro 
eoataiiMd  in  than  aaea  an  VBdcigotn^  their  ayalallie  moUoii,  sad 
diacharge  the  anioul  spirit  which  they  have  been  alabo«atiAg  talo 
tha  ned«Ikry  fSbraa  Th«M  fims  thererby  bemau  swoUoa  aul 
shortened,  and  the  intermediata  spaeaa  between  thna  are  ooostrieted. 
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and  unable  to  receive  any  further  adtlikions  of  lymph*  But  when 
the  nerve-cells  are  undergoing  tlieir  diastole,  then  the  medullary 
fibres  contract,  luid  the  intermediate  spaces  around  thorn  are  opened, 
80  that  the  pericellular  saca  arc  able  to  cliacliargo  their  lyinph  into 
these  epacea.  This  lympli,  however,  is  denied  lulmission  into  the 
perivascular  sheath?  of  the  veasels  whence  it  was  discharged  in  Uje 
first  place,  because  these  sheutlia  are  then  lieing  supplied  with  a 
serosity  or  lymph  out  of  the  arteries  and  capillaries  themselves,  and 
besides  their  mouth  is  gradually  being  closed  up  by  tlic  swelling  (*rey 
substance  around  tlicm.  This  aami^  lymph,  however,  oxporiencfa  no 
difficulty  whatever  in  gaining  admission  into  the  interstices  around 
tiie  departing  medullary  tibres  ;  for  those  interstices  are  thirsty  for 
the  lymph  of  the  pericellular  sacs,  because  they  rooeivo  no  moisiura 
and  no  nutriment  whatever  from  tlie  medullary  fibres  which  they 
enclose.  Hence  the  i-easun  why  Swedenborg  says,  that  for  the 
moisture  which  HIU  tlie  e]>ace8  ai-ouiid  tlie  cortical  ghincls,  there  is  "  DO 
otlier  outlet,  except  into  the  interstitial  spaces  orouml  the  fibres^" 

30.  The  perivascular  shefiths  with  which  the  arlorial  t^vigB  are 
famished  on  leaving  the  sulci  of  the  convolutions  and  on  entering 
tlje  substance  of  the  brain,  it  seems,  were  first  described  by  Rollikcr 
in  1850,  and  afterwards  by  Rubin  in  1869.  For  a  while  they  were 
disregarded,  but  were  newly  described  by  Amdt  and  Golgi  in  1870 ; 
but  their  rontinuity  with  the  subamchnoid  space  was  only  fully 
■eAtftblisheil  by  Key  and  Retzius.  These  authors  describe  the  course 
of  the  blood-vessels  in  the  brain  in  the  following  manner:  "The 
blood-vessela,  before  ramifying  and  losing  themsolvea  in  the  cortex, 
for  sonie  distance  run  along  the  exterior  surface  of  the  pia  mater. 
These  vessels  are  fastened  most  intimately  to  the  jua  mater  1>y  fine 
little  menibranea.  .  .  .  The  pia  raator  always  follows  the  snrfacc  of 
the  brain  very  accurately  into  all  its  anfractuosities  and  depressions. 
.  .  .  Vascular  shoots,  which  at  iirst  still  pp?^r\'e  their  natural 
position,  deflect  at  last  from  the  vessels  in  the  pia  matter,  and  at  right 
angles  penetrate  into  the  cortex.  On  entering  the  cortex  they  vxsl 
along  a  fnnnel-shaped  indcnt^ition  of  pia  mater,  which  by  and  by  fits 
more  closely  aronn<l  the  coating  of  the  vpmcI,  and  which  in  the  form 
of  a  shouth  accompanies  each  vessel.  .  .  .  This  perivascular  sheath, 
in  larger  vessels,  is  slightly  different  from  what  it  is  In  capillaries; 
thus  in  the  fonuer  vessels  it  is  more  or  leas  remove*!  from  the 
pariet^s  of  the  vessel.  ,  .  .  In  the  sheath  itstdf  there  is  scarcely 
any  trace  of  structure  ;  it  appears  almost  as  clenr  as  gloss  and 
homogeneous.  ...  In    the    smaller    transitional   blootl-vesMls  the 
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middle,  Tuuaciilnr  coat  difuippears  altogether,  the  perivaecular  Ehealb 
remaining  as  a  clear  homogeneous  sheath,  more  or  lesrt  distant  from 
the  inferior  coat.  Offccn,  however,  in  the  capillaries  this  sliealh 
beoomee  plainly  visible  as  it  retreata  from  the  interior  eoat.  Every- 
where, in  fact,  its  presence  is  indicated  by  small,  beautiful,  and 
singular  nuclei.  .  .  .  The  spaces  wliich  are  contaii»ed  within  the 
perivascular  sheaths  are  serttus  canals  which  are  in  open  conunanico* 
tionwith  all  the  subarachnoid  spactis.  A  communication  between  theeo 
spaces  and  the  epioerebral  space  of  His,  the  existence  of  which,  how» 
ever,  is  doubtful,  does  not  exist"  ("Studien,"  etc,  I.,  pp.  142-156). 
Two  stag<!8  are  plainly  marked  here  in  th»?  course  of  the  bIoo*3- 
vessols  through  the  brain.  During  the  first  stage  the  veasels  pursuo 
their  course  through  the  fissures  and  sulci  of  the  brain  while  they 
are  attached  to  the  pia  mater,  and  where  tJ)cy  ramify  into  PmrJler 
branches.  The  second  stage  begins  when  artorial  twigs  sopurat*'  from 
their  parent  stems  in  tlie  pia  mater  at  right  angles,  and  dip  into  the 
grey  substance.  Tlie  serositj-  distilled  from  the  vessels  during  their 
first  stage  seems  to  be  di^cliarged  int^)  the  subarachnoid  K{>ace,  while 
that  which  Is  distilled  from  them  after  thoy  have  separated  from  the 
parent  stem  at  a  right  angle  seems  to  bo  destined  for  the  interior  of 
the  brain  :  for  it  is  received  in  the  perivascular  sheaths  and  is  urged 
along  the  course  which  is  pursued  by  the  blood-vessels  theinsolves. 

Yet  during  this  second  stage  in  the  course  of  tlie  blood-veeseU,  a 
now  change,  or  a  break,  occurs  as  well.  For  by  and  by  the  muscular 
coat  of  the  vessels  disappears,  and  the  vessel  becomes  a  capillary 
where  nothing  except  the  tunica  intima,  lined  with  the  peri^'ttwolar 
sheath,  remains.  At  first  also  the  perivascular  sheath  hangs  loosely 
about  the  ves.«el,  but  after  it  has  become  a  capilliirj',  the  sheath 
embraces  most  closely  the  tunica  intima,  the  only  coating  of  the 
voBSol  which  remains.  A  different,  nobler,  and  more  refined  kind  of 
liqui<l  seems  to  be  diatillcil  from  thy  vessel  after  it  has  liccome  a 
capillary  J  and  this  last  and  most  refined  kind  of  liijuid,  ai.'cordtng  to 
Swedenborg's  theory,  is  clestined  for  the  "pericellular  sac,"  in  ord^r 
that   thence  it  may  be  derived  b't  '      iridividii  •'  '  Tliry 

fibres  which  originate  from  the  cortit  !  i-  e  I'f  tht?  ^  ik, 

Gii  the  other  liand,  the  liquid  sooreted  from  the  vessel  before  tho  looft- 
of  it«  muscular  co^iting,  scifms  to  !»  of  u  grosser  kind,  and  inttmdvil 
for  Iho  irrigalion  of  thf>t*o  membrane-s  by  which  the  >4roui'6  of  fibtv* 
of  which  iho  future  nerve-roots  are  made  up,  arc  encloswl.  Any 
surplus  of  l!ii»  litjuid  wliich  would  remain  stored  up  in  the  pcti- 
vuKcuIsu'  shctttha,   during  tho  sj'stolc  of   the  cortical  substouoe,  is 
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f.xpro«9od  iato  tho  Hulci  and  tissurcd  of  tliis  substaucv,  and  is  linoliy 
di^cbar^LHl  into  tho  suViunicbuoid  s{.kacc. 

31.  but  lot  us  pursue  still  further  tho  fluid  of  the  finA  order 
wtiich  ooUccte  in  the  ''pericellaiar  eaos,"  oiid  is  derived  theuoo 
between  tho  iiuiividunj  medullary  tibrcs  in  the  bhiiti. 

So  fiir  as  that  fluid  is  conoeruuil,  which  cuUccts  in  the  peri- 
cellulur  Bacs  of  the  grey  auhfttauco  of  the  cere^rwn,  its  further  histoiy 
is  twofold  :  for  tho  fibros  botween  which  it  courses  have  a  twofold 
dcjitiny.  One  portion  is  carri^  tlirouj^h  iht*  ceiliog  of  the  Uteral 
ventricles  and  through  the  "centrum  ovale"  generally  into  tho 
corpus  ('ullosum,  and  thence  through  the  fornix  and  the  fimbria  of 
tht*  furiiix  into  the  choroid  pluxuaeii  of  the  liitvral  ventricles ;  while 
the  other  [iortion  is  directed  throuj^h  tho  corona  rudiata  into  the 
corpora  striata  and  optic  thalanii. 

As  the  hbres  of  the  corpus  callosum  tcnuinate  in  this  ovgan,  and 
in  the  fornix  which  is  a  process  of  the  corpus  cnllosum,  so  also  the 
rtfined  serum — the  spirituous  lymph — which  lubricates  the  sidee  of 
the  individual  ineduiliiry  hbres  conveyed  thither,  terminates  its 
coui-se  here.  In  tho  choroid  plexuBos,  whither  this  lymph  is  taken 
thK>ugh  the  fimbriae  of  the  fomia:,  a  grosser  serum  is  added  to  it 
whidi  is  secreted  from  the  chonnd  plexuses  themselves,  and  both 
tbow  lymphs  are  utilizffl  in  fixing  the  spirit  of  the  fibres — tho 
animal  spirit — for  tho  purposes  of  tho  red  blood,  in  the  manner  and 
node  described  in  our  ifotes  III.  and  VL,  which  treat  of  the 
"Cliymicul  Lulfoni^jry  of  tho  Bruin.'* 

Thcist)  tibres  of  the  cirebniin,  on  the  other  hiind,  which  thfuogh 
thtt  ooroua  radiata  are  direoted  into  the  corpora  striata  and  optio 
thalami,  arc  there  gathered  into  ^oups  for  the  use  uf  the  future 
peripheral  nerves  of  the  body  \  «nd  there  our  present  liquid — the 
highest  and  most  refined  portion  of  the  curebro-«pinal  tluid — tills  a 
must  important  part ;  fur  it  lubricates  these  fibres,  and  enables  them 
in  frcidoui  1-0  enter  ujion  tlieir  uses  in  the  boily. 

Tlie  corpora  striata  and  optic  thalami,  however,  and  also  the  *'  teg- 
mentum "  and  "pes  "of  the  crura  cerebri — the  continuations  of  the 
above  central  ganglia — add  to  the  cerebral  fibi-es  indigenous  fibres  of 
their  own,  which  likewise  retpiire  tu  be  lubricated  and  moistened. 
Aiui  in  the  regiou  uf  the  curpora  tpiadrigeruina,  as  well  aa  in  the 
pons  Varutii,  and  thtnughout  the  whole  couno  of  tlie  meilnlla 
oblony.ita  .and  the  spinal  conl,  a  largo  quantity  <»f  cerebellar  fibres 
are  intermixed  with  tlioso  which  come  from  the  cerebrum.  Besidos, 
the  fibrtisi  of  this  threefold  progeny  of  tlie  cerebrum,  cerebellum,  and 
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central  ganglia,  in  the  modnlU  oblongata  and  spinal  cord  oro  joiooil 
by  those  which  originate  in  these  common  sppendngee  of  the  oere- 
bram  and  cerebellum — eo  that  a  large  amount  of  tbo  above  moet 
refined  speciee  of  tlie  ccrcbro-spiual  liquid  is  in  constant  demand. 

For  this  reason  an  extra  supply  of  this  lymph  is  BUpjiliod  by  the 
cerebellum  which  abounds  in  grey  substance  more  than  any  other 
member  of  the  encephalon ;  and  which  for  the  same  reason  also  enjoys 
nn  abundant  apparatus  for  the  distillation  of  the  "spirituous  lymph  " 
which  we  are  now  discussing.  This  lymph  is  distilled  from  Uie 
cercbeUum  through  ita  processes  and  peduncles  which  constitute  the 
ceiling  and  sides  of  the  fourth  ventricle,  into  this  ventricle;  and 
wherever  a  supply  of  this  lymph  is  required,  bo  it  for  the  cranial 
nerves  which  have  their  nuclei  of  departure  in  the  immediate  neigh- 
bourhood of  this  cavity,  or  be  it  for  the  spinal  nerves,  the  nexled 
wants  are  here  supplied.  The  cranial  nerves  the  cerebellum  supplies 
immediately  from  its  own  stores  through  the  mediation  of  its  pro- 
cesses or  peduncles,  but  fttr  the  spinal  nerves  it  makes  proviaion 
tlirough  the  mediation  of  tlio  fourth  ventricle  and  the  central  canal 
of  the  spinal  cord,  in  the  manner  described  above  in  Section  d. 

32.  The  further  course  of  the  present  fluid  through  the  anterior 
und  posterior  roots  of  the  spinal  nerves  is  described  and  delineat««l 
by  Key  and  Retzius. 

These  authors,  in  the  first  place,  liave  proved  by  direct  injf^ctioaa 
that  the  individual  nerve-fibres  in  the  spinal  nerves  are  enclosed  by 
"  fibril loua  sbeaths  "  which  intercommnnicate,  anil  may  be  injected 
by  a  delicate  liquid.  Their  description  of  these  sheaths  is  as  follows: 
"  Outeide  the  sheath  of  the  Schwann,  which  belongs  more  eepeclally 
to  the  nerve-fibre  itself,  there  are  obtjiined  by  teasing  more  or  lesw 
numerous,  delicate  fibrils  of  connective  tissue.  ...  In  succeesftil 
preparations  they  are  seen  arranged  around  the  nerve-fibre  in  rogoUr 
order,  fonninp  a  membmne  which  appears  more  or  1'  "  "'Uy 

marked  with  sti-^^aks  due  to  fibrils.     These  fibrils,  them  lu'  to 

an  outer  sheath  which  enc<:)mpAsse8  each  single  nerve-flbre  in  Ute 
Rhat»o  of  an  ample  tube  or  pipe.  .  .  .  An  injection  paasing  from  tits 
'perineurium' — the  membranous  covering  of  the  faacieles— -into  Um 
interior  of  the  nerve,  sometimes  enters  on  the  way  into  the  tnler- 
stices  between  the  fibrillous  sheaths  of  the  individual  nerre-flbre* ; 
yet  without  roninining  confined  there,  it  penetrates  even  into  tlv 
interior  of  Iheae  fihrillous  slieatlks,  thus  irrigating  iinmwliaWly 
the  sheath  of  fidiwrinn  *  ("Studirn,"  etc.,  IL,  p.  10!!;  soo  ainre, 
uo.  704w). 
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Thc<e  fibrilloits  shefiUis,  together  with  the  mombmnes  irhich 
widofie  the  groups  of  nerve-fibroe  in  the  interior  of  the  foftcicloa, 
the^e  nuthore  denominnte  •  endoncuriura,"  (w  appeftrs  from  the 
following  fiiiotatioTifi : 

"AJ!  that  connective  liss\u*  which  extends  inward  from  the 
*  perintiurium/  and  whicli  is  thus  contained  in  the  interior  of  the 
norve-fiiBcirlftfl,  we  denominate  ' endoneurium '  (Op.  aV.,  TL,  p.  68)l 

'*  Tlio  fibriUous  sheatha,  as  well  (i«  the  membranes  which  enclose 
the  groups  of  norve- fibres  within  the  fasciclea,  we  term  *cndo- 
neurinm*"  (/7/iV/.,  p.  102). 

TliH  further  course  of  tlus  fluid,  after  the  nervous  fibres  hare 
i-eached  their  plftcra  of  defltination  in  the  muRtlpR  and  in  the  organ* 
of  sense,  will  be  trcnted  of  below. 


2*  Tkt  Subaroikftoiti  Juice  or  Ccribro- Spinal  Liquid  proper  : 
the  Fluid  0/ the  Second  Order. 

33.  This  /teeonff  $pecie4  of  the  c^robrcHipinol  li(|uid  in  general — 
the  cerebro-spinal  liipiid  proper — that  is,  that  liquid  which  is  generally 
understood  under  this  name  by  the  learned,  Imabeen  treated  through- 
out the  whole  of  this  present  Note,  especially  in  Sections  a  and  by 
entitled  respectively:  **The  TCxistence  and  Origin  of  the  Cerebro- 
spinal liquid,"  and  "  The  Relation  of  the  Cerebral  and  Cerebellar 
Lii|nidfl,"  and  also  in  Sectious  e  and  /,  which  treat  of  "  The  General 
I\irpoae  and  the  Final  Destiny  of  the  Cerebrospinal  Liquid  "  and  of 
•*ite  T^ws  of  Motion.'* 

Our  object  in  the  present  suMivision  is  to  trace  this  liqmd  more 
definitely  from  ita  beginnings  in  the  interior  of  the  bmin,  tiuough 
the  various  stages  of  its  course,  until  at  lust  it  bathes  the  fascicles 
of  the  peripheral  nerves ;  and  at  the  same  time  to  exhibit  clearly  the 
relations  in  wliirli  it  stands  to  the  cerebral  fluid  in  thu  laU?ml  ven- 
tricles ;  and  thus  to  summnri/o  the  tCKultJ?  at  which  wc  have  thtis  fur 
urrivwl,  and  to  draw  thence  some  necessary  conclusions. 

Tho  homestead  of  the  present  species  of  the  ol•^d)ri^-!>pinal  liquid 
in  general,  according  to  Swrden)>oi-g,  is  in  tlie  sulci  and  iiufractuositiee 
which  enc/]rapaf;s  tlie  gloroect  and  tori,  that  is,  the  various  congeriea 
of  tho  mrticjil  RtiVwt/ince.  There  it  is  distilled  out  nf  the  arterial 
shoota  which  by  the  pia  mater  are  diret-te*!  into  the  interior  of  the 
subetance  of  tho  braiti. 

The  courae  of  tlioae  shoota  we  trat-iMi  in  no.  30  in  the  previous 
pubdivijiion,  where  we  showed  that  two,  or  rather  three,  stages  may 
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be  marivod  in  tboir  courati.  inuring  the  tirst  two  aLages  tbo  Teasol 
ia  au  onliuary  arterial  vesael  furnisliGd  with  two  wats,  the  inuiicidttt 
and  thti  tuuifa  intima;  during  the  third  stagi?  it  is  a  capillary  whidi 
has  lost  its  luuflculur  coating.  The  serum  which  is  dialilleil  from 
the  arterial  vessel  duriug  its  Erst  two  stages,  that  is,  before  it  lioeomes 
a  capillary,  ia  oar  present  species  of  the  ccrobro-8piiial  litiaid  iu 
general ;  and  the  goals  where  it  is  diechazged  axe  twofold — a  central 
iiud  a  periphend  one.  The  central  ono  is  under  the  mombrunulj9 
whicli  cnclofte  the  plexuses  of  the  second  order  in  the  medoUoiy 
substance  (coDceming  which  see  above,  no.  27) ;  the  peripheral  one 
is  the  subarac-huuid  Bpa<.-e.  For  it  uiust  be  remembenHl  here  that, 
according  to  Kuy  and  Keiziuji,  the  subaraduioid  tissue  accom|Miaied 
the  pia  mater  wherever  it  dips  iaito  the  sulci  and  aufractuoaitios  of 
the  cortical  substuucu,  while  the  aruchuoideu  iUelf  remaius  on  tho 
surface.  The  fluid  discharged  into  the  motlulliiry  substance  with 
the  view  of  irrigating  there  the  plexuses  of  the  second  order,  whuoce 
arise  the  future  nerve-roots  or  fasciculi,  ia  of  a  purer  nature  than  that 
which  ia  received  in  the  sulxiraclmoid  sjwce ;  and  agaiti  tliat  which 
is  distilled  into  the  suburnchuoid  space  from  the  ccrrM/uw  is  pmvr 
and  more  homogeneous  than  that  which  ia  received  in  Uiis  space 
from  the  cerehruuu  The  general  position,  that  the  fluid  under 
consideration  irrigates,  on  the  one  hand,  the  uiembrauuhfi  eaclo^ing 
the  plexuses  of  the  8i:?cond  order,  ancl  hy  and  by  those  whicli  eucirdti 
the  nerve-roots  and  fasciculi,  and  that,  on  the  othur  hand,  it  is 
received  in  the  cells  of  the  aiaclmoidea,  ia  stated  by  Swedcnborg  in 
the  following  passages : 

**  As  each  of  the  glandules  of  the  cortical  substance  is  aepanUnl 

from  the  neighbouring  ones,  and  cucli»sed  by  a  small  t-i icU 

lesser  congeries  or  ixirtical  glome  is  eticonipassed  by  olcfi  •  uli, 

and  each  larger  congeries  or  cortical  torus  by  deep  and  anfraftuouH 
fissures.  .  .  ,  From  the  clefts  aud  commissures  by  wluch  tbn  Utgtic 
congeries  of  cortical  glandules  are  distinguished,  a  genuine  serum 
impregnated  with  urino-saiine  aud  fatty  particles  is  tlerivtsd  between 
the  faacictili  of  the  nervous  fibres.  The  arachnoid  membraue  is 
spread  over  the  pia  mater  for  tliis  ]nir)>oso,  that  it  ma}*  bi'  iij.stnimt:nt«l 
iu  pouring  a  lymph  of  a  bettor  quality  on  Uie  nervea"  (ll.,  no.  355). 

**  From  tlie  ^oiall  cells  of  the  aruchuoid  membranp,  and  fniim  tha 
clefts  around  the  clusters  aud  glomes  of  the  cortical  |Mirtichi(i  t1»«*n 
distils  11  pure  and  oily  serosily,  between  th*-  Tiscicidi  of  i '  iry 

and  norvous  fibres,  and  also  betwoiAn  the  coatings  of  th«  li^..  -•  >,  .^iiioh 
are  Uiereby  prof>oriy  luliricatod ''  (IV.,  no.  170). 
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34.  Oiir  uext  object  will  be  to  tracii  Uie  further  uoortie  uf  the  flaid of 
the  sertmii  order,  Imth  that  of  its  purer  kinii  which  circulntos  throngh 
thu  pIcxusoAof  UiemedulLtrysubstjuiCti,  and  that  of  its  comparatively 
groescT  kind  which  is  received  by  the  subarachnoidal  tissue.  And  hero 
aguiu  VFtt  sluill  have  to  distitigui^h  botwt'cn  thu  fluid  dorivud  from 
the  ctjrebrum,  and  that  which  is  secreted  in  the  cercbelluni. 

Begimiing  willi  tliat  BpecioH  which  owog  ite  origin  to  the  cerebrum,  wu 
Hrsl  notio*^  that  a  (wrtion  of  it  is  directed  towanls  tho  corpus  caUosum, 
and  tl)c  other  towards  thu  corpora  stiiatu  and  the  optic  thalamL 

The  wliolu  of  the  tluid  which  follows  iu  the  latter  direction,  that 
ie,  in  that  of  tl»>  central  ganglia,  is  freed  on  the  way  from  its  grctsscr 
ingredients.  Tho  more  refined  tluid  is  reserved  for  circulation 
1)utwoen  the  foaeicles  of  tho  departing  uervca ;  whilo  the  serum  of  a 
groflser  quidity  is  excreted  into  the  larger  BiMicea  of  the  medullary 
substance,  and  tlieucti  througli  the  corpora  striata  is  direeteil  into  the 
corresponding  apaC'Ca  of  tho  olfactory  bulbs;  whence  it  is  finally 
discharged  into  the  nares  tluxiugli  the  cribriform  plate. 

Tliat  fluitl  which  in  carried  by  the  libros  in  tho  direction  of  tlio 
corpus  eallofium  is  for  the  most  part  excreted  into  the  lateral  ventricles. 
For  Swedenborg  states  in  his  **Memorabilin,"  that  "the  largo 
ventricles  of  thu  cerebrum  are  places  where  serositieja  trickle  duwn 
from  the  interstices  lietween  tlie  fibres,  and  from  other  sources. 
These  ventricles  are  a  kind  of  urinary  bladder  of  the  coitbrum  "  (no. 
»30).     Tlxia  statpment  he  made  in  1748. 

In  an  earlier  draught  of  liis  work  on  the  "  Brain,"  Swedenborg 
stfttes,  that  **the  nervous  juice  which  courses  between  the  fibres 
which  are  cjirried  to  the  corpus  callusum  is  sent  to  the  optic  thalami  " 
(see  alHjvu,  I.,  no.  -ISO').  This  juice  is  the  more  rofintHl  part  of  this 
liquid,  after  the  gr\is*ser  serosities  have  boen  slraiutxl  oti'  from  it ;  and, 
OB  we  have  shown  (Vol.  I.,  p.  741),  it  is  probiibly  carried  into  tho 
tbolami  optici  through  the  anterior  roots  of  the  fornix  which  are 
planted  in  the  interior  of  the  thalami,  and  also  through  its  posterior 
rootit  which  are  fastened  to  thu  surface  of  the  thalami  optici  during 
their  descent  into  the  lower  comua  of  the  lateral  ventricles. 

Z5,  As  to  tliat  portion  of  our  present  liquid  which  is  received  in 
the  Buburachnoiil  »pace,  we  mubt  first  call  attention  to  the  anatomical 
fact,  that  lhrou;^li  tho  intervention  of  the  tentorium  the  cranial 
cavity  h  divided  into  two  cowixirlmcnts,  a  sujicrior  imil  iin  inferior, 
or  a  cerel)ral  and  a  ceivbellar.  The  opening  through  which  th*»«e 
compartments  communicatu  is  called  by  some  authors  tho  "foramen 
OGcipitule  superius,"  and  is  formed  by  the  free  edge  of  the  tenlonum 
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— the  incisura  tcntorii  AcGonling  to  Luaclikiii^  thia  fonuuoii  is 
filled  up  by  "  tlie  cnira  cerebri,  the  corpora  qimilrigtimJiia  with  the 
pineal  gland,  the  anterior  end  of  tlie  aui>orior  vermiform  proc«6»  oi 
the  cerebi-'Ilum,  the  Itosilar  artery,  an<l  the  vena  magna  ( Jaleui."  And 
he  adds,  "Whenever  tho  available  space  of  the  inferior  compartment 
is  reduced  by  illness,  not  only  the  contents  of  thia  latter  comportment 
suffer  in  a  general  way  from  pressuro,  but  also  the  |)art8  specified 
above  are  liable  to  bo  wedged  into  the  foramen  occii>itale  nuperiua, 
and  to  be  strangulated  as  it  were  by  the  sharp  edge  of  tin-  u-ntijrium  " 
(p.  139). 

From  this  it  follows  tliat  by  a  mpre  expansion  of  Un-st^  jurLs  also, 
wluch  is  caused  by  the  diastole  of  the  cereVjruni,  this  foramen  would 
be  closed  up,  and  would  thiis  prevent  the  passage  of  the  subarachnoitl 
liijuid  from  the  lower  into  the  higher  compartment,  nUI»ough  these 
compartmcula  would  no  doubt  freely  eonuuunicato  during  tho  systole 
of  the  brain,  and  also  in  collapsed  brains  after  deatk 

During  the  diastole  of  tlie  brain,  therefore,  in  conformity  with 
what  lias  been  ejstiddished  above  (in  Suction  /,  nos.  18-25),  the 
oerebro- spinal  liquid  rises  from  tlie  spinal  cavity  iiito  the  lower  cranial 
compartment,  tilling  there  all  the  subarachnoid  spaces  or  conlluenU ; 
and  it  in  directed  thence  into  the  subarachnoid  spaues  of  the  departing 
cranial  aiul  spinal  nerve&  But  this  sajne  liqnid  would  not  t»o  able 
to  pass  tliroiigh  the  foRimcn  occipitale  su]>crius;  because  during  the 
diastole  of  the  brain  thid  foramen  is  comjdutely  dotted  up  by  Uie 
swelling  of  the  parts  specified  above.  Whence  it  follows  that  there 
exists  an  anatomical  division  between  tlie  subarachnoid  HuiiU  in  the 
higher  and  lower  compartments  of  the  cranial  cavity,  during  the 
diastole  of  the  brain  which  is  synchronous  witli  the  oxpimtion  ol  the 
lungs. 

This  division  is  so  much  tho  more  neccssar>',  becimse,  supposa  the 
descending  comu  of  the  lateral  venlrielos  should  be  di-^  "  '  .s  is 
the  case  sometimes,  by  an  *' infected  scrum,  as  in  the  r  i  .-iro- 

ccphali,"  etu.  (see  above,  YoL  I.,  p.  750,  and  also  our  prefeul  Not«, 
no.  f\) — this  8rrum  woxdd  bo  discharged  into  the  si:^  '  ' 
of  the  upper  compartment  during  the  diastole  of  tl  ■ 
during  the  time  when  the  "foramen  occipitdo  snperius,*'  in  ibit 
•*incifiura  tentorii,"  is  completely  closed  up,  so  tlist  not  a  drop  of  it 
ean  escape  into  the  lowvr  compartmeut,  tuid  Uius  vitiate  the  cervhco- 
spinal  litjuid  which  is  about  to  deport  into  the  inUrrsticos  iif  th«* 

1  Tji^chktt  (R.  v.).   "Di-*  Aiialemie  d««  MBUsehmi,"  Vol.  XXL,  SMttitt  ii* 

Tubingen.  1»«7. 
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cranial  nerven.  Bosidoa,  during  the  diastole  of  tho  cerebrum  the 
milci  and  anfractaosities  of  its  couvolutioiifl  are  closed  up,'  tio  thot  no 
vitiat-ed  serum  in  tho  subarachnoid  space  of  the  upper  cunipartmuat 
can  i>enetTate  into  them,  but  is  at  onco  urped  towards  Uie  outlets  of 
this  space.  Those  outlets,  as  is  proved  by  Key  and  Retzius  and 
Quincke,  are  th«  Pacchionian  corpuscles  alon*^'  tlie  £iiuuses  of  the  dura 
mater.  Those  corpuscles,  aa  will  presently  be  shown,  receive  tho 
subarachnoid  fluid  of  the  u]»per  cranial  compartment,  whether 
healthy  or  disea8<»d,  during  the  diastole  of  the  brain ;  and  during  its 
systole  they  dischai^go  it  into  the  sinuses,  and  thus  into  tho  venous 
system  of  the  brain. 

LuAchka  *  proved  that  these  Pacchionian  corpuscles  are  only  an 
enlarged  condition  of  normal  villi  of  the  araclinoidca,  and  that  no 
other  structure  is  involved  in  their  foniiation. 

The  ordinary  atructuro  of  the  corpuscles,  as  seen  under  the  micro- 
Boope,  according  to  Key  and  Ketzius,  is  as  follows :  "  A  narrow  stem 
departs  from  tho  arachnoidea ;  it  |>enetTatc8  into  tho  dura  mater 
between  its  fascicles  of  connective  tissne,  and  there  it  enlarges  into 
a  dub-like  or  pyriform  shape ;  or  else  makes  its  way  into  a  vein,  or 
into  a  venous  sinus,  or  again  into  one  of  those  large,  peculiar,  venous 
lacutuu  which  we  discovered  along  the  sides  of  the  longitudinal  sinus, 
which  lacunffi  more  or  leas  intercommunicate  with  one  another" 
(*'Nordiakt  Medicinskt  Arkiv,"  VoL  iv.  of  1870;  p.  38).  The 
locuniB  containing  these  gruuidations  were  discovered  about  tho  samL« 
time  by  TroIanP  (see  above.  Vol.  L,  p.  295). 

Tho  further  description  of  the  corpuscles,  as  given  in  Quain's 
Anatomy,  is  aa  follows :  **  Kach  villus  is  covered  by  on  epitholiated 
membrane,  continuous  with  the  arachnoid.  0ut8i<le  this  is  another 
tine  membranous  sheath  proceeding  from  tho  dura  mater,  and  the 
intorval  between  tho  two  is  continuous  ^ath  tlie  subdural  space. 
Within  the  villus  is  a  spongy  tmbccular  tissue,  continuous  with  the 
sabarachiioid  tissue,  and  of  similar  tissue  "  (8th  edit.,  p.  576). 

*  Qiiiiickf'3  experience  applies  here,  who  says,  "  In  noao  of  my  experiment 
did  the  culuuring  matter  uuter  .  .  .  the  {lerirascular  spaces  or  the  bruin  niul 
spine  ;  Ihn  rriunn  of  whii*h  »i.'oms  to  be,  thftt  in  A  normal  condition  these  Bpaccs, 
ifldnd,  tii^charge  their  coot«nts  into  tho  unlutr&chnoid  Apace,  without,  however, 
receiving  any  liipiiil  from  the  nibanu-hnoid  Kjuce  Lu  retum  "  (Oj?.  etc.,  p.  172). 

a  In  "  AxcUiv  Tui  Auatomif,  Fhykiolngio  uud  wiasenachmftliche  MiMhrin,"  for 
ia62  ;  and  in  "  Adcrgetlechte,"  etc.     Borlio,  1855. 

'  'L'rolard  (Dr.  P.).  "  Bechrn-hfsanr  I'Anatomiedu  Systcme  voineuitio  Cr*ne 


rt  d«  I'oufephalc. " 
1»70. 


In  '^ArchiroB  Goo^ndca  d«  Medeciuv,"  Vol.  xv.     Porii^ 
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The  following  are  the  results  nbtoined  by  nu  injectioxi  of 
corpuscles  08  described  by  Kay  and  Rctzius :  **  On  making  a  tnti 
rtracJinoidal  injection  under  very  Hght  pressitro,  the  liquid  penci 
throuj^li  Ihii  subarachnoid  spaces  of  the  brain,  iind  thronyh  Iho  tuosbl 
of  the  Rubnmchnoid  trabocnlar  system  which  ifl  npnally  found  in 
neighbourhood  of  the  urjKhnotdal  villi ;  it  passes  through  tho 
VwcuUir  inwlu's  in  tho  stems  of  the  villi,  into  the  villi  thomsfOves] 
and,  indeed,  M'ithout  |xiPRing  into  tlio  flubdural  spaco  of  the  c^Tpbrunwl 
After  arriving  iu  tho  villi,  it  spreads  through  the  moflhos  of  thei] 
tiASue  with  the  same  facility  with  which  u  sponge  is  liUed  [with  water] 
Tho  nipslios  bolwppn  tlip  tmbenul/p  juv*  thereby  rendenul  tcnsf,  tb| 
villi  are  erected,   and  tht.«y  appear  tinged  with   the   colour  of  thi 
injected  fluid.     Tlio  liquid,  however,  does  not  remain  long  confine 
within  tho  limits  of  the  trahoeular  svstoni  of  tho   villi.     On  tli 
contrary,  it  soon  passes  through  the  Inyer  which  constitutors  theil 
surface,  and  enters  into  the  subdural  space  of  the  villus,     This  alf 
it  fills,  and  renders  tense,  aa  well  rw  Uie  dural  ahwith  l>y  which  it  il 
<>nconi passed.     Yet  it  does  not  remain  even  there,  but  Hows  tlirougl 
the  durol  sheath  into  the  venous  sinus  or  the  lacuna  without,  iu  ordi 
in  this  manner  to  mix  with  the  blood.  ...  On  the  (pie^tion  i>f  thi 
function  of  the  arachnoid  vUli,  we  answer,  their  function  i*  cortainl] 
to  effect  a  junction  )>etwenn  tho  serous  spaces,  that  ia»  between 
corebro-fipinal  liquid  of  the  brain,  and  the  syBtom  of  tho  IJood 
("Studien,"  etc.,  T.  pp.  183,  185). 

From  this  then  it  follows  that  the  Pacchionian  curpuaclcs  a^^  th< 
channels  throngli  whit-h  tho  subarachnoid  liquid  of  the  ceiehral,  o| 
superior  cranial  compartment,  whether  in  a  healthy  or  morbid  condj 
tion,  is  introtluced  iutt^  the  venous  syatom  of  the  brain.  According 
Key  and  Retzins,  the  liquid  which  these  villi  imbibe  ia  also  dieeharjceil 
into  the  veins  of  the  dura  inater.  In  this  wise  then,  that  is,  throt 
the  mediation  of  tho  Pacchionian  corpuscles  or  arachnnidal  Wlli,  th< 
membranes  of  the  enc^pbalon  are  relieved  of  any  nltni-prcaaare 
the  cerobio-spinal  liquid.  For  if  there  is  any  extra  prcssuro  of 
liquid  at  all  in  the  inferior  cranial  compartment,  it  will  nutumllj 
escape  into  the  higher  com|Hu:tment ;  and  when  one©  there,  ibmugl 
the  expansion  of  tho  braiUp  it  is  urged  into  the  arachnoidal 
clistending  the  same  j  Imt  dtuing  tho  «ul)&idenKft  or  syel^tle  of  the' 
brain,  the  c(mtont«  of  these  villi  are  emptied  into  the  sinuaea, 

Tltat  these  corpuscles  are  the  goal  whither  tho  stnwD  of 
ctui?bp>-Bpinal  liquid  tends  in  Uie  higher  cmnial  «ivi*" 
iUso  by  Quincke's  crpcrimonts  on  liinng  animala.     W 
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additional  pluee  of  discbarge  for  the  subdural  and  subarachnoid 
fluids,  acoi:>nling  to  Key  and  Ketzius,  18  in  the  Pacchionian  granula- 
tions. ...  In  my  own  oxporimenta  also  thcBo  formations  were 
distingtusbe<l  by  Ijeing  strongly  tinged  with  vermilion ;  whether  the 
iiyoction  was  mode  from  the  vertebral  column,  or  the  cranium, 
places  were  along  the  longitudinal  and  lateral  minuses ;  and 
along  the  cavernous  sinuses  I  Rometimes  noticed  these  forma- 
lions  "(Qp.  c»7.,  p.  164). 

During  the  systole  of  the  cortical  substance  or  grey  matter  of  the 
brain,  the  subarachnoid  spaces  of  the  whole  cnccphalon,  including 
those  of  the  spinal  cord,  enlarge,  and  receive  the  seroaity  which  luia 
collected  in  the  sulci  and  perivascular  spaces  of  tlie  cerebrum, 
medulla  oblongata,  and  spinal  cord.  During  this  period  also  the 
foramen  occipitale  superius  in  the  "  inciaura  tontorii "  is  openetl,  wj 
tliat  the  surum  which  ha<j  l»etMi  excreted  in  the  larger  sulci  and 
anfractuosities  of  the  cerebrum  from  the  shoots  of  the  carotid 
ies,  may  mix  with  the  general  contents  of  the  subaracluioid 
This  also  is  the  i>eriod  generally  when  the  cerebro-spinal 
liquid  retreats  from  the  cranial  into  the  vertebral  cavity — which  the 
ioT«  inform  us  takus  place  during  the  inspiration  of  the  lungs, 
thus  during  the  systole  of  the  bmin. 

36.  The  cerebellum,  according  to  Swedenbotg,  follows  a  different 
plan  from  the  cerebrum  in  the  discharge  of  the  serum  or  lymph 
excreted  in  its  gyres  and  sulci ;  for  aU  these  gyres  converge  in  the 
poles  of  this  oi^gan,  namely,  in  its  horizontal  fissure  (see  above,  no. 
C75),  Thither  presses  not  only  the  animid  spirit  which  is  elaborated 
in  its  grey  substance,  but  also  the  refined  serum  or  lymph  which  is 
extracted  in  it«  folds  from  the  shoots  of  the  vertebral  artery;  and 
while  the  animal  spirit  is  urged  into  the  medullary  stem  of  the 
cerebellum,  which  divides  on  either  side  into  three  processes  or 
potiunclcs,  the  refined  serum  which  collects  in  the  horizontal  fissure, 
is  carried  towards  the  inferior  vermiform  process  in  the  middle ;  and 
thence  through  the  endothelial  membrane  with  which  it  is  lined, 
and  which  is  continuous  with  the  valve  of  Vieuaaena — the  vehun 
medxillare  anterius — this  serum  or  lymph  trickles  into  the  fourth 
ventricle,  Ijotweeu  the  first  processes  of  the  cerebellum. 

This  Bwedenborg  states  in  the  following  words;  *'Such  also  is 
the  cose  \vith  that  moisture  which  does  not  penetrate  the  arborescent 
growth  of  the  cerebellum,  liut  passes  through  the  folds  under  the 
pia  tnatcr,  and  through  the  duplicatures  of  the  same,  and  which 
punuos  its  course  until  it  finds  an  exit.     This  humour  also  cannot 
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aliowcr  duwu  anywhere  else  than  undur  the  membmne  whereby 
peduncles  ore  lined,  and  through  the  vermiform  proceea  where  thi 
same  membrane  ia  attached  to  the  valve  of  Vieussens"  (I.,  no.  712). 
The   abovo  cerebellar  secrotion  in  the  fourth  ventricle  rcooivi 
accessions  from  two  sources ;  fir^iy  from  the  most  refined  serum 
lymph— the  cerebro-8piuul  liquid  of  the  yinf/ order — which  from  tl 
pericelhilar  spaces  encircling  the  cortical  glandules,  the  nerve-cell 
of  the  cerebellum  is  urged  into  the  interstices  between  tlie  indiridi 
medullary  tibres  which  make  up  the  tlu'ee  peduncles  of  the  cerehelli 
(see  above,  na  31).     Any  surplus  of  this  refineil  lyuiph,  according 
Swedenborg,  is  likewise  dlacliarged  into  the  fourth  ventricle,  durii 
the   systole  of  the   cerebellum.      Thus  ho  says,   '*The   meduUui 
processes   of    the    cerebellum    become    inserted,   and    as    it   vc 
ingrafted,  in  the  medulla  oblongata,  exactly  near  tho  edges  of 
ventricle;  but  the  Hpreading  apart  of  these  processes  takes  pi 
almost  above  the  middle  of  the  ventriclou     Should,  therefore, 
medullary  substance  of  the  cerebellum,  at   any  time,  be  fmppl 
with  more  liquid  than  is  requiin^d  for  the  use  of  its  fibres,  it  woi 
seem  to  exude  the  same  into  tlie  vontricle,  likewise  in  this  v< 
place"  (I.,  no.  715^). 

Ita  ttertnui  accession,  and  indeed  one  of  a  grosser  onler, 
cerebellar  fluid  receives  from  the  choroid  plexus  in  the  f< 
ventricle.  On.  this  subject  Bwedeubi^tg  says,  "  To  the  above  liqui 
the  fourth  vontricle  odds  its  on'n  dew  which  is  distillivl  out  of 
choroid  plexus ;  for  this  reason  indeed  that  tliid  liquid  may  puBs  inl 
the  interstitial  spaces  lU'oimd  the  roots  or  fasciculi  of  Uie  spiul 
nerves.  .  .  .  The  secretion  of  the  choroid  plexus  seems  to 
required  for  the  composition  of  this  liquirl,  idmnst  in  the 
manner  in  which  in  the  lateral  ventricles  the  animal  spirit  reqi 
to  be  mixed  with  the  nervous  juice — the  ccrebro-spinal  liquid ; 
this  again  with  the  secretion  of  the  clioroid  plexus.  .  , 
appears  gulTiciontly  from  the  transverse  production  of  this  plexi 
near  the  extremity  of  the  calamus  soriptorius,  where  thero  ia  Uic 
uing  of  the  downward  flow  of  the  liquid  ;  an  '  '  •  in  the  glaadi 
character  of  the  plexus  itself,  and  its  close  a_  ,  '  i  to  the 

of  the  ventricle.     This  plexus  also  is  not  subject  to  those  changes 
which  the  choroid  plexuses  of  the  lateral  vcntridca  are  ex)H>sttil, 
it  it  constantly  pouiv  forth  a  homogeneous  muisturo"  (1.,  no.  7l5i 
From  this  history  of  the  com(H}sition  of  the  ccrcbro-spioal  liqu 
in  the  fourth  vcntnclo,  it  apppsrs  that  the  liquid  which  collects 
beam  a  different  diameter  from  tliat  which  is  excreted  iuto  iha 
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arachnoiil  space  from  the  h88ur(<s  ami  sulcuti  of  thv  eorehnim,  and 
tho  i>erivn.?cu]ar  8pAcGS  of  tliu  niediillii  cililungatu  and  spinal  conl ; 
and  it  follows  thonco  also  that  Cliu  xvvX  usseiicu  of  the  ceirbi-o-sjunal 
liquid  is  derived  from  tlie  coivlxilIiitiLf  ho  tiiat  thiii  liquid  is  in  a 
ftuperominynt  degree  a  cerebellar,  und  not  a  cerebral  liquid. 

After  this  liquid  htis  rcceivud  lUI  itH  various  iugredionts^  iU 
contents — as  aliown  above  in  aoctions  r  and  d  —  are  discharged 
on  tho  ono  hand  into  the  oeiitnd  canal  of  the  spinal  cord,  and 
on  tlie  other  tliroiigh  tho  foramiun  uf  Mugendiu  and  Lust.hka  they 
pottB  into  thu  Bubamrhnoid  :4|)iicn.  Tlu^  cerebro-apinal  liquid  of  the 
prsi  de^e,  according  to  the  needs  of  tiie  s]unal  cordi  is  excreted 
from  th<^  fourth  vuntriclo,  through  tho  epithelial  lining  of  the 
central  oanal^  whilo  tho  rost  of  the  moieture  of  that  ventricle — the 
cerebro-apinal  liquid  of  the  m'comi  degree^ia  derived  thence  into  the 
subamelinuid  space,  where  it  inixea  witli  the  reat  of  its  sera  or  lympha. 

The  fourth  ventricle  dtjuthargcfl  ita  contents  during  thn  diastole  of 
the  brain,  and  tliu»  while  the  cerebrospinal  liquid  risefi  from  the 
vertebral  into  the  cruuial  cavity,  tliat  hs  into  thu  lower  compartment 
of  the  same.  It  ia  thua  sent  tii-^t  into  tho  contiuenta  or  cisternH  of 
the  subaniclinoid  space  which  arc  situated  around  the  dorsal  and 
ventral  sidea  of  tho  medulla  oblongata ;  and  which  on  tho  one  hand 
extend  over  tho  central  jwrtion  of  the  posterior  surfaue  of  the 
corebellum,  and  on  the  other  are  continued  over  the  ventral  portion 
of  the  pons  Varolii  as  far  aa  the  infundibulum  and  the  crura  cerebri, 
and  which  on  tlic  opposite)  side  likewiao  bathe  the  corpora  quadrige- 
minn  and  the  pineal  gland. 

These  conOueuta  inchidu  thus  tho  whole  area  where  tho  ctanial 
nerves  emerge  from  the  cranial  cavity;  and  from  thcae  confluenta 
the  cerebellar  liquid  is  at  once  carried  into  the  subarachnoid  spaces 
of  the  departing  cranial  nerves. 

During  the  systole  of  the  brain  ttio  cerebellar  liquid  descends  into 
the  vertebral  cavit}',  where  it  becomes  thoroughly  mixed  with  tho 
cerebro-spinal  hquid  which  is  there,  and  during  the  ihaatolo  of  tho 
cord  it  is  urged  into  Uic  subarachnoid  spaces  of  tlie  anterior  and 
poeterior  nerve-roota  of  the  cord. 

37.  W.  Krause  ^  speaks  of  primary  and  secondary  fasciculi  which 
makfi  up  tho  whole  of  a  cranial  or  spiriol  nerve. 

The  primary  fasciculi  are  formed  before  the  nerve-roots  enter  the 

^  RMDAe  (W.).  "Boitriige  znr  ifeorologia der obereu  Kxtmnitat. "  hapiig 
and  UtiidelLfig,  1306.  Also,  Krauci  (W.)  and  Talgmann  (JA  **Th«  Nerren- 
VoriL'tttteu  bt'iu  Biensibeu."    Leipzig.  1869, 
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suljaruchnoid  space*.     They  uru  nerve-groups  encompaBsed  with  pisi 
znator ;  and  this  same  pia  mater  also  encloses  the  whole  of  the  norve- 
roots  as  they  leave  tlie  central  organs.     Between  the  niembmnuliB  of, 
the  pia  mater  there  courses  the  cerebro-spinal  li<iuid  of  \\\efirtt  order, 
which  alao  bather  the  individual  nerve-fihi-es. 

On  enterin;^  the  subarachnoidal  space,  the  nervo-roots,  nccording^J 
to  Key  and  Kotzius,  are  euveloi)ed  by  the  membranous  and  ti-al^eculoi 
tissue  peculiar  to  this  Bpace.     Portions  of  this  tissue  let  thcmsclvoa 
Hn\vTi  between  the  primary  fasciculi  of  the  roots,  establishing  thereby; 
trabecular  and  membranous  connections  between  them,— These 
the  beo[ijuiinK9  of  Krauso's  secondary  fiusciculi. 

As  tlie  nervo-roota  approach  the  outer  wall  of  the  3ulwniclmoi( 
spacCf  the  amchnoidea  and  dura  mater  each  furnish  a  shcAth  to  tl 
departing  nerves.     The  ahenth  which  consists  of  sul«rachnoid  tissna  ■ 
is  likewise  continued ;  and  it  beiiijins  to  connect  its<?lf  now  ■with  th< 
arachnoidea  by  means  of  a  trabecular  network.     By  this  c^nnectloi 
of  the  two  there  is  formed  the  sulMirachnoid  space  of  the  uerve-njoti' 
This    space   encloses    the   secondary   fasciculi    of    the   nerve-roota^j 
and  in  tliis  space  is  received  Uio  cerebro-spinal  liquid  of  the  a« 
order. 

iShcaths  and  membranulie  of  a  threefold  origin  thus  accompany  i\\i 
nerves,  as  they  leave  the  central  nervous  OTgans.  Membranula*  froi 
the  pia  mater  enclose  the  individual  fibres  and  the  primary  faetncul 
Luminrp  from  the  arachnoidal  sheath,  together  with  membranulw  fln< 
trube<'ulffi  of  the  subai-achnoid  tissue,  encircle  the  secondary  fasciculi 
wliile  tbe  diirul  sheath  encompasses  the  whole  ncr\'e.  Liquids  ala< 
of  a  tln<*efold  kind,  namely,  the  cerebro-spinal  liquid  of  the  fitvt^l 
second,  and  tUinl  unlers,  irrigate  the  membranulffi  and  slieath*  of  th«i 
departing  nerves.  Such  is  tlic  complexion  of  the  nerves,  as  th«] 
leave  the  cranium  and  vertebral  thcca. 

Tbe  original  distinctions  between  the  sheatbs  and  m- 

a  threefold  origin,  howevi-r,  Ixigin  to  be  lost  as  the  nei\  _      ajjoi 

an  independent  course  in  the  body — they  are  prtjservwl  only  jn 
optie  nerve. 

The  results  at  whicli  Key  and  Retzins  nrrircd  in  their  oxporimenl 
upon  the  periplieral  nerves,  nnd  which  are  stated  above  at  latgo 
noB.  704«  to  7042,  may  lx»  summed  up  thus : 

1.  The  dura  mater,  tlie  anu^hnoide^  and  the  sabanuJinoid  ti«ni( 
ore  continued  from  the  central  nervous  or^^s  into  the  very  wA\ 
bulb  of  eadj  single  uerve-fihre. 

2.  The  dum  mater  id   tr&uglormed  into  the  ^mmrinm  of 
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leparting  nerves  \  ami  the  urachuoiilea  U)g**l.lier  with  tlie  subarachnoid 
tiasue  iiilo  their  ^mjwurt«ff*  fwnl  eruIi»u*uniwK 

3,  Tlie  interstices  between  the  hkminn  of  tho  perineurium  and 
ondoneuriiim  oi'e  continuations  of  the  subarachnoid  space. 

4.  As  the  jierincurium  thus  blends  witli  the  endoneurium,  so  also 
it  blends,  on  the  other  hand,  witli  tho  epineurium.  AVTiile,  therefore, 
liuninae  from  the  epineurium  mil  deseeud  int(»  tlie  perineural  spaces, 
laminas  from  the  perineurium  ascend  also  into  the  cpinonral  rircum- 
feronco  of  the  nor\'es.  The  cerebro-spinal  liquid  follows  the  example 
mi  by  the  membranulffi  and  sheaths;  and  in  prui>ortiun  us  the 
boundaries  which  originally  existed  l>etween  the  duml  and  aracb- 
noidol  sheaths  on  the  one  hand,  and  between  the  latter  and  the  pia- 
matml  pnxluctions  on  the  uthur,  are  in  a  meai»uro  abolished,  tho 
liquids  which  circulate  in  their  interstitial  spaces  beoomo  also  in  a 
certain  measure  amalgamaU.«d ;  yet  so  that  tho  grosser  serositioa 
would  still  be  in  the  circinnfeivnce  of  the  nerves,  and  the  more 
refined  lymph  in  their  interiors. 

The  eerebro-spinal  liquid  of  the  ff-'^otu}  order  woidd  thus  at  first 
circulate  thix)Uglj  tlie  suljaruchnoid  u})aces,  and  hence  through  tho 
I»erineurium  of  the  periphend  nerves,  but  in  time  woidd  blend  and 
mix  witli  llie  cerebro-spiual  liquids  both  of  thejirst  and  of  the  third 
order. 


3.   T/ie  Subdural  Juice :  the  Fluid  of  the  Third  Order. 

38,  Concerning  this  liquid  Swedeuborg  says, '*  Besides  tho  above- 
named  noble  lymph  which  oozea  out  of  tlio  araclmoitl  membrane  .  .  , 
there  is  another  humour — fAf  ttuMurn!  Juice — which  destt^nds  from 
the  cranial  cavity  inlo  that  cavity  which  surrounds  the  spinal  curd. 
8till,  the  pituitous  liquid  of  the  cerebrum,  which  collects 
between  the  membranes  [the  dura  mater  and  tho  attM.:hnoidea],  cannot 
be  carried  into  the  spinal  cord ;  for  tho  tentorium  is  in  the  way,  and 
preventa  it ;  but  only  that  ]iarticidar  liqiu'd  which  lodges  on  tho  sur- 
face of  the  cerebellum,  and  of  the  medulla  oblongata  of  that  ivgion. 
That  this  latter  liquid  or  juice  is  of  a  better  cliaracter  than  that 
secreU^d  around  the  cerebrum,  follows  from  the  same  cause  which 
given  flbove.  That  this  liquid,  however,  penetrate*  between  the 
ibranes  or  fascicli's  of  the  nerves,  may  be  concluded  and  confinued 
from  tiio  viscoufl  and  mucilaginous  humour,  by  which  the  dura  mater 
apjiears  anointed,   especially  around  it«  bottom   ]jarl;  and   further 
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from  innumerable  phenomena  of  tliseasfs,  when  the  nerves  ate 
infestetl  by  hiuuuiirs  percolating  thiMUgh  lliuui.  In  addition,  it  ia 
proved  by  autopsy,  for  such  a  humour  haa  been  observed  between  tbo 
coatings  and  fascicles  of  the  nerves  '*  (L,  no.  773). 

The  next  tliiiig  which  concerns  us  is  to  confirm  tlxe  cxistetico 
of  this  subdural  juice  by  reference  to  the  experieauo  of  modtsru 
science. 

Schwalbe  says,  "  The  subdural  space  contains  oiUy  a  very  small 
quantity  of  a  li(|uid,  whertiby  the  surfaces  of  the  mumbrauos  which 
arc  tumcil  toward  each  other,  are  kept  smooth  and  sllpj^fery  "  (Ojp,  (»/., 
p.  784). 

Key  and  Kctzius  obser\*e,  *'(ionerulIy  during  hfe  there  beems  lo  l» 
a  greater  proportion  of  this  liquid  in  tlie  subdural  space  Uiau  is  dis- 
covered there  after  death.  Through  a  series  of  vivisections  in  dogi^ 
wliich  amounted  to  several  hundred,  HUzhj  Louviuced  himself 
abundantly  of  the  existence  of  a  small  portion  of  liijuid  in  tin-  sai-k 
of  the  dura ;  in  the  case  of  dogs  also  he  found  that  twenty-four  bouea 
after  death  not  a  single  drop  of  the  liquid  could  be  found  there  over 
the  convexity  of  the  brain.  .  .  .  As  lo  ourselves,  altliough  wo  cannot 
base  oureclvea  on  so  many  vivisections  as  Hitxig,  still  after  a  euffivient 
number  of  experintcnt^  made  u]vm  dogs  and  rabbits  ...  we  are 
able  to  state  that  if,  without  injuring  the  urnchnoidea,  a  little  open- 
ing bo  made  in  the  dura  mater,  a  small  quantity  of  Huid  may  Ikj  seen 
oozing  out  of  the  oppning,  and,  as  Hitzig  staU^s,  you  may  constantly 
see  it  pouring  out  frum  Llie  sides.  Still,  in  i-'omparison  with  the  sub- 
arachuoid  juice,  the  quantity  ia  small,  nut  large.  It  evidently  forma 
only  a  very  tltin,  capillary  stratum  between  the  rluni  and  the  amch- 
noidea"  ("Studien,"  etc.,  L,  p.  73). 

5U.  After  thus  proving  Uie  existence  of  this  liquid,  oui  next  jx)ii)t 
will  be  to  determine  whence  it  comes,  and  where  it  goes.  But  hers 
it  will  be  necessary  to  call  attention  again  to  the  anatomical  facty 
discussed  above  in  no.  36,  namel)',  Ihiit  the  cranial  cavity  through 
the  intervention  of  the  tentorium  is  distinguished  into  an  upper  and 
a  lower  compartment ;  and  that  during  the  diastole  of  the  brain  th« 
foramen  occipiliile  superius  in  the  '*  incisum  tcuUmi,"  wl  ' 
the  two  compartments,  is  closed  up,  so  that  the  c<?rebrai 
h'quid  cannot  mix  with  tluit  secreted  by  the  cerebellum. 

A  simihir  distinction,  according  to  Swedenborg,  exinta  m  liitt  sul>- 
dund  8])UC6  of  the  cranium ;  and  this  distiuL-tiau  in  itjiiu^e  implirj  «ii«o 
a  distinction  in  the  subdural  liqimL  Swcdcnlxifg  fmys  on  tliia  lub- 
ject,  "To  tlittt  lt(|uid  which  ia  wont  to  coUuct  bctwoon  [Um  oHUr 
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lamina  of  the]  pia  mater — the  arachnoidea — and  Uie  dura  inalcr;  to 
that,  namely,  which  collocta  aroand  the  corebcllum,  no  other  ogrosB 
remains  oprn,  except  either  between  the  coatings  of  the  cranial 
nerros,  or  through  the  post4»rior  j«ut  of  the  fommen  nmj^num  into  the 
spinal  cord,  and  thence  between  the  coatings  of  the  nfirvos  of  that 
region.  All  the  remaining  ways  are  closed  to  it :  for  there  are  no 
veins  mij'wheru,  by  wliirh  it  may  bo  iibsorbeil."  And  then  he  con- 
tinues und  says,  "But  the  pituitous  juice  of  the  cerebrum  which 
collects  between  those  membranes,  cannot  be  cairied  into  the  spinal 
cord  (for  the  tentorium  is  in  the  wuy  and  prevents  it),  but  only  Uiat 
partietilnr  li(|uid  which  lotlges  on  the  surface  of  the  cerebellum,  and 
of  the  medulla  oblongata  of  that  region  "  (L,  na  773). 

The  subduml  liquid  of  the  tvrefjrtim  is  thus  prevented  from 
dtascending  into  the  lower  cranial  compartment,  and  thonrp  into  the 
vertcljral  cavity;  but  by  the  expansile  motion  of  the  bmin  is  ui;ged 
towards  the  peculiar  outlets  of  the  subdural  ajwce,  which,  according 
to  Rwedenborg,  open  into  the  interior  nares  through  the  cribriform 
plato.  He  says,  "lu  onler  that  the  brain  may  have  the  faculty  of 
performing  its  functions,  it  must  be  constantly  purged  and  relieved  of 
that  lifjuid  which  is  perpetually  cxpre«Bed  from  its  membora  and 
arterial  vessels  (no.  825).  .  .  .  There  are  a  number  of  foramina  by 
wliicb  the  lamina  cribrosa  of  the  ethmoid  bone  is  pierced  in  many 
places.  Not  only  fibres,  but  also  the  ])ia  mater,  and  at  the  same 
time  the  dura  mater,  pass  through  these  fnraniina  ;  the  pia  mater 
investing  the  film-s,  and  tlie  ilnra  mnior  lining  the  oriticL-s.  The  pia 
matcT  thus  constantly  posses  out  undor  the  dum  mater,  and  thereby 
npena  a  passage ;  and  unless  thin  passjige  is  always  liathod  by  some 
lubricating  moisture,  these  two  membranes  will  sptiedily  coalesce. 
Wherefore  we  an;  com[H;lIed  to  u&suiue  that  the  above  liquid  passes 
into  the  cavities  of  the  nose  through  the  al>ove  openings.  And  agiun 
it  appears  that  this  liquid  does  not  flow  out  of  its  own  accord,  but 
is  pumiMsii,  and  tlius  forced  out.  For  wliilc  the  w.^rcbrum  is  Iming 
expanded,  every  one  of  ita  cavities  and  every  one  of  ita  fibres  is 
lengthened  out,  and  at  the  «an»e  time,  so  far  as  their  >Wdth  is  con- 
cerned, contracttMl.  From  this  retraction  of  the  coatings  of  the 
fibres,  tliera  results  not  only  an  alternate  swelling  [and  contrac- 
tion], but  aiRo  a  species  of  [lumping,  so  that  when  the  passages 
between  the  pia  and  dura  mater  are  open,  there  must  neixls  be  die- 
cbargeil  through  them  the  above  liquid  ;  and  its  discharge  must  take 
place  at  the  same  time,  when  the  cerebnmi  rises  and  urges  the  liquid 
in  ttiat  direction.  ...  In  defunct  brains,  however,  und  in  such  u 
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arc  collApsod,  thcBO  communicatory  pjiiufigos  must  tieccssariLy  "be 
strictly  cloaoil,  so  that  they  arc  not  pervious  even  to  the  moat  rectified 
spirit,  and  still  lees  to  one  whicli  is  cM^ured.  .  .  .  Tbin  explanatiuu 
is  also  favouretl  and  attoaUyl  by  the  glandular  and  jinpilhiry  loxtun' 
of  the  mucoua  membrane,  and  es|>eciaUy  by  its  duplicature,  and  tlie 
wonderful  insertion  of  the  pja  and  dura  maters  into  this  extensive 
region.  Ho.ro  the  cxcrcmentitioiis  humour  of  the  cerebnun  la  mixed 
with  the  glandtdar  and  arterial  humour  expressed  out  of  the  mucous 
membrane,  and  thus  seems  to  produce  that  phlcgmy  sul>6tancc  which 
is  called  the  inucas  of  the  noso"  (I.,  no.  827).  But  the  channel 
through  whioh  this  liquid  is  conveyed  into  the  sulxlural  sjxici', 
according  to  8wedeuborg,  are  the  olfiictfjry  bulbs,  in  wliich  he  holds 
**the  medullary  substance  of  the  cerebrum  is  concentrated,"  and 
towards  which  also  "  the  determination  of  its  motion  converges  " 
(see  I.,  no.  829). 

The  truth  of  this  position,  namely,  that  a  liquid  distils  out  of  the 
subdural  space  of  the  cerebrum  into  the  mucous  membnuie  of  the 
nose,  lias  been  proved  experimentally  by  Schwnlbu,  and  Key  aitd 
Retzius.  Subdural  injections  wliich  these  latter  observers  made  in 
rabbiU  just  killed,  jKjnetnited  thinugh  Wws  fi.rramina  of  the  cribriform 
plate  tJito  the  mucous  membrane  of  the  narojt,  and  "through  special 
channels  in  the  epithelium  of  that  membi'aiie  reached  its  sorfBofe" 
((??>.  ri7.,  I.,  p.  220). 

Woldeyer,*  under  whose  superintendence  T)r.  F,  Fisclicr*  repOAtod 
and  tested  the  whole  of  the  experiments  made  by  Key  and  Rotzia*, 
says,  "In  conclusion,  I  liave  to  observe*  that  we  Hucceedod  in  filling 
completely  the  lymjihatic  vomcIh  of  the  hmntni  nuiLoua  membrmie  of 
the  nares,  tlirough  injections  made  from  the  hir^  lympJiatic  spaces 
of  the  membranes  of  the  brain.  Key  and  Ketzius  were  unnble  to  do 
this ;  thus  far  they  hail  been  succnssful  only  in  experiments  made 
upon  animals"  (p.  36G). 

40,  Swedenborg  adds,  "W^ielher  such  e.\cretory  pussugws  and 
emissary  ducts  exist  anywhere  else,  experience  thus  far  has  failotl  to 
ansM'or  in  the  affirmative;  and  yet  it  is  an  undoubU?d  fact  that 
this  humour  is  actually  dischar^d*'  (I.,  no.  826).  Swedenbor^ 
Bp«aks  here  of  outlets  out  of  the  upper  cranial  compartment ;  for  the 

I  Wtldeycr  uiid  Fi»clter  (Fr.),  "  B«itrng«  jur  Kraiitniu  dei  Lyxopblmhnvn 
i]«  CcnLml-NcrTf^uKystraw,"  In  "Arcbiv  furMikroBkopisuht  Aaatomie:,**  Vol. 
xrii.     Bouti,  IH&O. 

'  Ki)ichcr   [Fr.).     'Ti  joii    uUcr  die   LymphliAhiiAii  i1m  C«aCTiU- 

NcnrrnKjsttmii. "    dtrii*;-  ^irtiition.     lJ«»mi.  1^79. 
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subdural  Liquid  of  the  lower  compartmeut,  he  malntmrns  is  regularly 
discharged  into  tlie  subdural  Bpucos  of  thu  puriphonil  iH^rves. 

Such  addittonid  outlets  out  of  tbti  sul)<luml  B}>fwo  of  the  upper 
cranial  comjtartrnent  have  bodn  discovered  since  Swedenbor;i!'8  time, 
both  into  the  fliuufies  of  the  dura  runU>r,  oiiil  into  the  lymphatic 
system  of  tlie  iKidy.  Thus  Key  aud  Kctzius  say,  **  By  injeotioutf  it 
is  foutid,  that  a  liquid  whi<*h  is  under  the  iuHuence  of  some  presAure 
in  the  subdunU  spacuf  through  tlie  mediutiou  of  Paechioiiiau  granula- 
tions, especially  in  man,  piLsse^  with  groat  ease  into  veins  ...  or, 
again,  through  lymphatic  vessels  it  passes  into  the  lymphatic  system 
of  the  body"  {Op,  rit.,  I.,  p.  75), 

Schwalbe  says,  "  Communications  of  the  subdural  space  with  deep 
lynipliatic  vessels  and  lymphatic  glanila  of  the  neck,  may  bo 
demonstrated  by  the  injection  of  coloured  masses  into  the  subdural 
space.  Thijs  communicution  was  first  discovered  in  rabbits  by 
Schwalbe,  who  injected  the  subdural  space  of  the  brain,  and  his 
diBCOVcry  was  confirmed  by  Key  and  Retzius  so  far  as  rabbits  and 
dogs  are  concerned.  In  the  human  subject,  on  the  other  hand,  the 
iDJcctc><l  mass  was  found  to  penetrate  mucli  more  easily  into  veins 
by  the  way  of  the  Pacchionian  corpuscles"  (Op.  cit.y  p.  785). 

41.  Waldeyor  {Xtints  out  stUl  auother  outlet  out  of  the  subdural 
apacp.  He  says,  *' There  is,  however,  still  another  communication 
between  the  aubtlurid  space  and  the  blood-vessels  of  the  dura  mater, 
than  through  the  arachnoid  villi — the  Poccluouian  corpuscles — and 
the  sinustis ;  and  herein  I  shall  have  to  correct  and  supplement  the 
data  of  the  Swedish  authors.  For,  after  injecting  the  subdural 
8{Moe,  wo  found  that  the  injected  mass  adhered  closely  tu  the  inner 
surface  of  the  thini  mater ;  especially  in  the  neighbourhood  of  tlie 
longitudinal  sinus.  These  portions  of  the  dura  mater,  indec-d,  as  is 
well  known,  exliibit  constantly  thai  appearance  which  Key  and 
Rctxiiis  describe  as  *  cribriform.'  On  making  vertical  sections 
through  such  places,  you  are  able  to  see  how  the  iiyet;led  mass 
from  place  to  place  has  entered  the  substance  of  the  ilura  mater 
through  64)me  small,  narrow  paths.  In  the  dma  mater  itself  the 
ix^ected  mass  appears  at  one  time  in  small,  stellated  laciiiue,  al 
nnotbcr  m  larger,  iifwurolike  spaces,  and  in  the  veins  genendly. 
This  regular  occurrence  can  scarcely  be  explained  otherwise  tlian 
that  the  ii\joction  penetrates  tlirough  the  interior,  endoUicUal  lining 
of  the  dui-a  mater  into  its  syst^jm  uf  lymphatic  spaces  or  cauaia, 
which  in  it?  turn  comnnmicates  with  iho  venous  appamtua  of  this 
membrane"  {Oik  ciV,,  p.  365,  ct  geq,). 
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Concerning  ihc'M  openings  from  the  interior  of  the  dura  iDAter  into 
tho  sulxlunil  E>p5<:e,  wo  have  to  obeeirve  here  that  we  do  not  consider 
it  nt  nil  as  an  estahlishod  fact  that  these  openings  are  for  the  purpose 
of  intro«lucing  the  subdural  jnice  into  the  veins  of  the  dura  nialer,  a* 
Waldeyer  seema  to  think.  On  the  contrary,  they  may  just  a«  wll 
\ii\  ontletfi  for  the  lymphatic  juice  contnined  in  the  dan  mater; 
wherefore  we  maintain  that  the  openings  and  pasfingea  discovered  by 
Waldeyer  and  Fischer  are  the  real  Bourcee  of  the  subdural  jnice,  and 
thus  of  the  cerebro-Bpinal  liquid  of  the  Wii'nf  onler — both  in  the  upper 
and  lower  cranial  compartments.  In  the  upper  cranial  compartment, 
in  the  neighbourhood  of  tho  cribriform  plate  of  tho  ethmoid  bows 
there  is,  besides  the  gross,  pituituua  humour  which,  according  to 
Swedenhorg,  ia  excreted  from  the  cerebrum  through  the  olfactory 
bulbs.  For  these  bulbn,  as  Schwalbe  correotly  ob(tcr\'eB  {Oik  Ht^  p, 
614),  bear  no  analogy  whatever  to  the  rest  of  the  cranial  nr  spinal 
nerves.  They  arc  prolongations  of  tho  cerebral  substance,  and  the 
individual  olfactory  fibres  or  groiips  of  fibres — Jiia  ol/aHoria — paaa 
tlirou^li  tho  ventral  portion  of  these  bulbs,  witliout  Ix-'iiifj  first 
collected  into  fascictdi  or  nerve-root«;  but,  through  tho  interstices  of 
the  medulhry  eubstaucc  in  theee  bulbs,  there  is  carrie<l  alung  tho 
excremcntitious,  pituitous  humour  which  is  to  be  discharged  from 
the  subdural  apace  into  the  cavities  of  the  nares;  and  one  of  the 
objects  of  the  abundance  of  givy  substance  in  the  olfactory  lobes 
seems  to  be,  that  there  shall  l>e  an  almudaucc  nf  motive  power  for 
the  ultimate  expulsion  of  the  sluggish  pituitous  secretion. 

42.  Tlu^  iiuestion  hcK'  aris^-s  whether  the  subdural  juice,  and  thus 
the  rerebro-spinal  liquid  of  the  ihini  ordor,  ibies  nut  recuivo  any 
additions  from  tho  subiirachnoid  juice,  and  thus  from  the  cerebro- 
spinal liquid  of  the  ttf^rrm/f  order  T 

Where  the  dura  mator,  in  the  form  of  a  dura!  sheath,  accompanies 
the  departing  cranial  and  8pin:d  nerves,  there  Swedenborg  belierea 
that  the  two  liquids,  the  subdural  and  the  subarachnoidal,  oom- 
mingle.  For,  speaking  of  the  pla«e  of  deiMrturo  of  the  nerves,  ho 
•ays,  '*Whrtlier  the  arachnoid  membrane  iwurs  out  also  «iinirthing 
of  the  store  nf  its  noble  lymph — this  question  we  may  decide  in  the 
affirmative,  since  it  seems  probable  from  tho  connection  of  the  parts : 
for  rjj^ht  hen*  it  seems  dupliciitoil  "  (L,  nu.  773).  Up  to  this  |ioial, 
according  to  him,  the  liquiil*  aiv  kept  Bt'parate. 

Herein  Swedenborg  i*  fully  tjorae  nut  by  modem  science.  Thus, 
Waldeyer  *aye,  "In  all  pm.         -   '  »ni 

that  the  m/nlura/  trinuvy  th-  -i/^ 
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aracJtJifnd  ttpar/:  But  both  injuctcd  niaases,  the  one  tinji^eil  yellow 
from  the  subdural  spoco,  the  other  of  a  blue  colour  which  was 
injected  from  t)ic  suliarnchnoid  sp«ce,  passed  into  the  Pncchioniaa 
gnuiuiations,  aud  thoucu  iuto  tho  ainusos,  iuto  which  these  grauulu- 
tiona  projected.  The  whole  prooees  was  found  to  be  exactly  as 
dcecribed  by  Key  and  Rotzins"  {Ojk  riV.,  p.  366).  Sehwolbe  also  sub- 
8tantiiiU?s  Kv.y  iind  Retzius'  atntemeut,  that  "there  is  110  coriimuiiica- 
tion  between  the  subdural  and  tlje  aubarachnoidal  spaces"  (/.  r.,p.  785). 

Quincke,  on  the  oth^^r  hiin<l,  makes  this  statement,  "  Inasmuch  as 
the  colvturing  matter  after  Imiug  injected  into  the  subdural  space  of 
the  cranium,  maile  ita  way  into  the  subarachnoid  spaces  of  the  brain 
and  spinal  oonl,  there  must  exist  in  the  arachnoidea  openings  of 
communication  between  the  two  spaces"  {Op.  rit,^  p.  164). 

Key  nn<l  Ret^.ius,  in  reviewing  this  statement  of  Qtiincke,  say, 
"Quincke  iutnxlucofl  a  pointed  canula  through  the  dura  into  tiie 
subiiiu^al  space  [thoy  themsulTes  used  one  the  point  r>f  which  waa 
blunteil],  when?  he  could  Hcarcely  avoid  injurinj-;  tho  arachnoidea; 
but  it  was  next  to  iuijK)ssiblu  afterwards  to  lind  the  point  uf  lesion. 
.  .  .  Neither  does  he  state  how  muny  experiments  led  him  to  his 
belief.  .  .  .  AVhen  Qnincke*a  papt^r  on  the  cerebro-spinal  liquid 
appeared,  we  instituted  anew  a  series  of  injections  of  an  emulsion  of 
vermilion  from  the  subdnml  space  of  the  brain.  Tlie  animals— dogs 
and  riibbiu — were  killod  after  two  or  three  days.  The  injt>etion  ha4l 
remained  purely  subduml.  Tho  results  a;,Teed  totjdiy  witli  those 
which  wo  had  previoualy  obtained  by  an  injection  of  living  and  dead 
animrde,  and  idso  in  dead  human  subjects.  Tho  injected  masa  was 
still  in  the  subdural  sjtacci ;  the  grctnter  part  of  it  liad  remaine^^l  spread 
over  the  corobnim  itself ;  not  the  least  particle  had  penetrated  into 
the  subumchnnid  spaces"  ("Studien,"  etc.,  I.,  p.  67). 

43.  As  to  the  subdural  Ii(.]uid  in  the  Knver  cranial  compartment, 
which  deacondft  thn^u^-h  l1i*>  subdural  ppaee  of  the  spinal  cord — this 
liquid,  acconling  to  SwetlenlRirg,  ia  tinally  introduced  iuto  the 
subdund  spaces  of  the  peripheral  nerves,  Kor  be  says,  ''That 
this  liquid,  however,  penetrates  between  the  membranes  or  faacicles 
of  the  nerves,  may  be  conchuled  and  conhrmed  by  tlie  viscous  and 
mucilaginous  humour,  by  which  tlie  dura  mator  appears  anointed, 
especially  around  ita  bottom  part.  ...  In  addition,  it  is  proved  by 
autopsy,  for  such  a  humour  has  been  observed  between  tlie  coatings 
and  fasciculi  nf  tho  ner\'os  "  (L,  no.  773). 

Swedenborp,  however,  is  evidently  in  error  where,  on  the  strength 
of    tho    an.itmni'M   nW-rviUiiui^   ..f   h'\n  time,   he   declares  that   the 
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coating  of  tho  peripheral  nerves  coueiste  only  of  tlie  outer  lamiOA  of 
the  dura  mator.  His  statement  is  as  follows:  "The  coaling  of  the 
nerves  consists  of  the  outermost  lamina  of  the  dura  mater  only,  and 
not  of  its  inniOKt,  which  is  perforated  in  two  places  by  the  antenor 
and  posterior  roots  of  the  s]>inal  cord  :  wherefore  a  small  space  is  Ml 
between  the  two  lamime  of  the  dura  mater,  from  which  no  exit  i^ 
possible,  except  between  the  coatings  and  fascicles  of  the  nerves" 
(I.,  no.  773).  Ho  ia,  howpvor,  (piite  rij»ht  in  tho  continuation  of  his 
statement,  where  he  maintains  that  some  of  the  suWrachnoid  liquid 
ifi  introduced  into  tlie  nubdural  space  of  the  departing  nerrefl.  Thia 
takes  plnce  in  propijrtion  as  the  dnral  and  QmchnoiiUl  t^lmatljs  begin 
to  be  conjoined  in  the  dejuirling  nervujs,  and  in  projxjrLion  aa  the 
dural  sheath  of  the  nerves  is  changed  into  ffjATteuriwit*  This  proc<ws 
is  minutely  described  by  Key  and  Retzius.  A  summary  of  tliRir 
results  is  contiiined  above,  in  the  text  of  our  work,  in  nos.  704i»  to 
704r.  From  this  summary  wu  introduce  liete  all  tliat  refers  to  the 
gradual  transformation  of  the  dural  sheath  into  the  epincurium  of  the 
peripheral  nerves : 

Uu  apprrmching  the  outer  wall  of  the  subaruchnoidal  space,  su  tat 
as  tho  spinal  nerves  arc  concerned,  their  anterior  and  jMistcrior  nxtift 
draw  neaa*er  together,  so  as  to  leave  that  space  in  compmiy ;  the 
amchnoiilea  and  dum  mater  each  fumifihing  a  sheath  to  Uic  de^MLrting 
spinal  nerves. 

On  the  outside  of  the  arachnoid  shoath,  between  the  Utter  and 
the  dural  sheath,  there  is  formed  the  sulxlurid  space  of  the  oorve- 
roots,  which  is  connected  Lmnicdiately  with  the  suMimd  spaoo 
of  the  spinal  cord.  Tliia  subtlural  space  is  riddy  interspersed  by 
trabecular,  whereby  the  arachnoidal  and  diuul  sheaths  are  connoct«il« 

In  this  manner  thr  nerve-roots  are  attended  by  an  nrarhnoidaJ  and 
a  dural  sheuth,  until  the  n«r\'e8  reach  the  8i>ina]  ganglia. 

liefore  approaching  the  ganglion,  however,  the  nerve-roota  are  at 
first  broken  up  mow  atid  more  into  [secondary]  fasciculi ;  and  hwre 
the  dunU  aheath  plays  an  importiiut  port.  In  tlie  first  place,  a  dnisl 
partition  ia  always  erected  between  the  anterior  and  posterior  roots 
after  they  are  unit**d  into  one  nerve.  The  dural  shnuh  itself  is 
fortified  in  addition,  on  the  outside,  by  a  layer  of  comjectLve  tiMUt^ 
doriveii  from  the  outermost  integumuut  of  tlie  spinal  conl,  which  lb 
attached  interiorly  to  the  bony  sfurfaee  of  tho  vertebral  ooluam.  I& 
the  norvo-roots  lliis  exterior  tijtttue  wurks  itself  more  aud  mom  iido 
the  substance  of  tlie  dural  sheatli,  su  tlmt  «t  la«t  fh-  l».rii..l<.rv  !m,m 
between  Llio  two  becomisft  utTac^l. 
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A  similar  process  tukca  plncu  iutcriorly  bctwooii  tliu  duriU  uiid 
umclinoidal  sheaths ;  for  tmbeculie  in  an  increasing  ratio  ptwa  from 
thti  Jurn  into  the  arachnoidca.  Besides,  through  the  mediation  of 
small  meinbruues  which  aro  goncratvd  butweuu  thum,  theso  two 
sheaths  become  attached  to  ejich  other  over  lurger  or  smaller  tracts, 

that  at  last  thciy  con  be  tjepamtwd  only  tUrouyh  artificial  means. 

The  dum  niuWr,  besides,  goes  on  forming  udditiunul  piirtitiuns 
Itetween  the  individual  fascicles;  and  between  the  dunil  partitions 
and  these  fascicles  themselves  there  ie  always  some  arachnoidal 
tisBUo.  The  further,  therefore,  the  nerve-roots  rutrtat  from  the 
cordj  the  more  are  they  subdivided  into  distinct  nerve-fascicles,  each 
of  which  is  eucompaasod  by  an  arachnoido-dural  sheath. 

<Jn  examiniitg  Uie  spinal  ganglion  the  exi^Liug  urraugemonU  are 
continued  tliero.  T)ic  dural  sheath  is  thus  found  to  be  continued 
over  the  whole  surface  of  the  ganglion,  after  it  has  first  entered  into 
an  intimate  conjunction  with  the  adipo«o  tissue  from  the  vertebral 
iheca  by  which  the  nerve -root«  had  been  attended.  Under  the 
dural  sheath  of  Ihu  ganglion  the  araclinoi*]  tissue,  consisting  of  many 
cellular  membranes  in  close  juxtaposition  to  one  luiuther,  in  con- 
tinuc<L  The  dura  and  arachnoidea  are  joined  together  in  many 
placos,  and  many  trabecule  pass  from  the  furiacr  iutu  the  latter,  so 
thai  the  bounihiry  lino  between  the  two  is  etfaced. 

A  similar  resolution  into  their  constituent  menibrannlie,  and  at  the 
same  time  an  offacomeut  of  the  boundary  line,  takes  pbice  in  the  interior 
of  the  ganglion  between  the  pia-matral  and  arachnoidal  aheatha,  and 
there  resiUte  thence  by  degiees  what  Key  and  Ketzius  denominate 
the  mitoneurium  and  j>tfritirurinin  of  the  yttinjlivn. 

Prom  the  perineurium  of  the  ganglion,  however,  new  membranes 
are  rising  towanls  the  outer  covering  of  the  ganglion ;  and  aa  they 
draw  nearer  to  the  outer  surface  of  the  gauyhon,  oblitiun  clefts  open 
here  and  there  In'tweeu  them.  Thence  there  arieoe,  according  to 
Key  and  Retains,  the  ppineurium  tif  Ihr  fjnmffum,  %vhich  becomes 
amalgamated  completely  with  the  original  dural  sheath  of  the  nerve- 
roots,  and  finally  becomes  attached  to  the  outermost  udipoae  tissue 
of  the  ganglion. 

The  perineurimu  and  eudoueurlum,  therefore,  are  not  new  creations 
wrouglit  in  the  ganglion,  but  they  aro  simply  homogencnus  laminated 
transformatiouB  of  the  dural  and  arachnoidal  slicaihs  which  through 
the  uerve-roots  have  Inieu  continued  from  the  spinal  cord. 

44.  In  this  transformed  form  the  dural,  arachnoidal,  and  pia- 
rnatinl  .^lii-athH  «if  tlu'  nerve-roots  are  continued  into  the  i>eriphoral, 
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spinal,  and  cranial  nerves.  And  in  proportion  as  theae  aheathii 
become  tlius  transformed,  and  as  the  boundary  lines  between  them 
become  effaced,  the  liquids  which  circulate  undor  those  Bheaths  aw 
also  gradnally  onjalgamated,  nnd  thu3  the  subarachnoidal  juice,  «0 
Swedenborg  observes,  commingles  freely  witli  the  subdural  juic*^ 
although  the  grosser  ingredienta  of  the  "nervous  juice"  wliich  arises 
from  on  amalgamation  of  the  original,  three  species  of  cerebro-8|:Jnal 
liquid,  would  still  press  into  the  larger  interstices  of  the  nervo  in  its 
epinourium,  while  only  the  most  refined  portion  of  this  liqui<t  woiUd 
penetrate  into  the  least  interstitial  spaces  whereby  the  individno) 
nervous  fibres  are  encompassed. 

All  this  iri  further  proved  by  the  injocUons  instituted  by  Key  ami 
Retziua.     A  few  of  these  results  wc  here  subjoin : 

"  When  an  injection  is  made  from  tlio  subdural  sjmce  of  the  bimin 
or  spinal  cord,  the  liquid  posses  with  great  ease  l>etWL>eu  the  duxnl 
and  amclinoidnl  sheatlis  as  far  as  the  ganglion.  Afterwards  botli 
li<]uids  enter  the  ganglion  "  (see  above,  I.,  no.  704jr). 

"On  injecting  simultaneously  both  the  subdural  and  subaradmosd 
spaces,  the  respective  li(iuids  pursue  for  a  time  ejich  a  separate  |)ath. 
In  the  neighbourhood  of  the  ganglion,  however,  whew  the  dural  sad 
unchnoiilal  sheaths  begin  to  be  more  and  more  connected,  the  paths 
of  the  liquids  also  encounter  one  another  here  and  there,  so  that 
the  liquids  will  commingle.  In  the  interior  of  the  ganglion  ihry 
encounter  one  another  still  more.  Oiswralhf  perhap»  the  auMural 
liquid  rffiiauM  trithin  the  dural  itht^fh,  .  .  .  From  the  laminn?  of  iho 
arachnoidal  sheath  the  injected  liquid  penctrotea  here  nnd  Uicn* 
easily  Into  the  suhduml  space,  and  into  tho  laminm  of  the  dmrn 
mater,  and  thence  farther  into  tho  spaces  of  the  adipow  titfsne, 
wherewith  the  nerve-root  is  engirdwl.  Xevertheleaa,  thirt  is  iiu 
reason  why  at  other  times  th«  tfvo  diffti-nU  if^jtfcNonn  ^lould  not 
remain  rrmfinrd  eat^h  to  iV*  outn  ten*i/i/ry"  (I hid.). 


h.  The  Universal  Cikculatioifof-  the  CEXEBxa-SFn^AL  Liquid, 


45.  We  liave  thus  far  traoi>d  the  course  of  tho  corobro  sfiinal 
liqnid  fnmi  itn  origin  in  the  Isrger  and  Hmallor  tiRsnrcs  and  snlci&li 
of  the  bmin,  where  it  is  secroteil  from  tht*  urtHrial  twi}^  and  <sfifl- 
laries — through  tho  intorBtices  iKjtwwu  the  individnul  and  (v>UoctivM 
nervo-fibr»i»,  a«  far  as  their  pcriphond  termiTuitions  in  tbp  body. 

The  stage  at  which  wo  havo  now  arrived  in  our  diwmadcni  in 
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parhape  expressed  best  by  tho  following  womIr  of  our  author :  "  A 
nerve  of  tho  above  Joscnption  wliicli  is  iiiU^rpolateJ  by  m  many 
cavities  as  ptirhaps  x\  pumice-stone,  tUo  tufa,  and  the  stalk  of  a 
bulrush^  and  which  in  permeated  by  as  many  imii^feuous  juices  as 
are  proper  to  it,  ia  inserted  into  the  muscLcs,  glands,  and  membranes 
of  the  body,  and  deposits  there  the  burthens  which  it  bears" 
(IV.,  no,  70). 

We  fihall  not  enter  hero  into  the  very  complex  question  of  the 
modee  of  termination  of  the  nervous  fibres,  and  the  mode  by  which 
n«r\'ous  fibres  are  able  to  produce  actioiu*  in  and  by  the  body,  but 
we  shall  limit  ourselves  to  the  simple  incjuiry  of  what  becomes  of  the 
cerebro-fipinal  liquid  which  is  set  free  at  the  teniiinations  of  the 
nerves  in  Uie  uniscles.  For  uoloss  it  be  removed  and  desjmCchod  as 
soon  oa  it  arrives  there,  the  |»enphtiml  organs  of  tlte  body  would 
soon  Ih*  flooded  by  this  litiuid  wliich  is  constantly  being  formed 
anew  in  the  brain  by  the  reaolution  of  hlood-oorj)U8cles,  and  conveyed 
in  the  interstices  of  the  nerves  to  their  termini  in  the  body. 

Swodonlhtrg  answers  this  tpiestion  in  a  general  way,  thus :  "  The 
liquids  which  are  secreted  from  the  arti'iiul  twigs  of  the  brain, 
between  the  convolutions  and  aubtlivisions  of  the  cortical  ton,  enter 
into  the  ruota  of  the  nerves,  and  after  poa&ing  through  the  nerves, 
they  return  to  the  brain,  yet  to  its  outermost  circumferences" 
(IL,  no.  528). 

Again  he  eay»,  "This  nervous  juice — the  cerebi-o-spinni  liquid — 
according  to  the  extent  of  the  nerves,  soemu  to  liipnrad  over  the 
coatings  of  the  muscles,  and  to  be  conveycil  thence  into  the  periostea, 
and  by  continuity  therewith  into  the  integuments  of  the  spinal  cord ; 
whence  it  rises  into  the  dura  mater  and  the  pericranium,  that  is,  into 
the  outermoat  circumference*  of  the  brain,  in  order  Uiat  tliere  it  may 
either  lie  utilized  in  the  nutrition  of  the  hair  and  bones,  or  be 
exterminated"  (Ibi(L). 

46.  The  individual  steps  in  this  general  circulation  of  the  corebio- 
apimd  l)<|uid,  in  the  language  of  ooi-  author,  are  as  follows : 

"As  soon  aa  a  nerve  enters  its  mnacle  or  gland,  tliat  is,  some 
viscus  of  the  body,  it  becomes  at  once  divided  into  branches,  these 
are  divided  into  twign,  and  afterwards  into  shoots,  and  thus  into  the 
origimd  fascicidi  of  the  nerve,  and  presently  into  its  individual 
tibre^,  ko  tluit  it  may  attend  to  its  functions.  When,  therefore,  the 
nerve  tmfolds  it«elf,  it  also  seems  to  olfcr  to  the  cnclr>f>ed  juice  an 
opportunity  of  flowing  fortli.  That  the  muandar  coats  are  irrigated 
by  a  certain  nen-ous  juice,  which  is  also  continued  into  tlieir  tendons 
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and    beyond,  appears   frum   a  description  of    the   niiisoles"    \ 
no.  533). 

"The  last  coat  of  the  muscles  is  continued  to  fixod  boundarioa  or 
solid  suhstanoes  ;  for  the  muscle^  which  ia  a  soft  siibstaneO)  is  utiablo 
to  found  or  base  its  forces  ujion  thin(^  soft,  but  upon  solids  cupablo 
of  ofTering  resistance  :  hence  the  outomiost  lamina,  which  con-stitutes 
the  periosteum,  is  a  continuation  of  that  vascular  membrane  wliich 
surrounds  the  muscular  flesh.  .  .  .  The  second  or  interior  lanuna  of 
the  periosteum,  however — for  it  is  compased  of  two  m(?mbrime» — 
consists  simply  of  tendinous  filanienls  drawn  nut  from  the  muscular 
flesh  ;  it  .imme4liatoly  encircles  the  bones,  inserting  and  implanting 
its  roots  in  fixed  spot's  therein ;  thus  enabling  the  bones  to  yield 
to  the  muscular  force,  and  t*i  nature's  dt^crees.  ,  .  .  This  interior 
lamina  serves  as  a  cushion  for  the  blood-vessels  and  nerves,  so  that 
in  the  freest  manner  they  may  pass  or  flow  into  the  osseous  and 
raeilullary  BubRtanoe  of  the  l>ones"  (II.,  no,  545),  i 

*'The-se  two  Inminffi  of  the  periosteum  are  perfectly  distinct  from 
oach  other;  and  indeed  the  innermost  lamina  is  also  separate  or 
distinct  from  the  surface  of  the  bone ;  for  it  does  not  odliere  to  it> 
except  where  tenflinoua  or  ligamentous  filaments,  and  blood-veaaels 
and  non'ous  flbres,  are  inserted  into  the  bone.  And  as  the  lamiue 
are  distinct,  and  Uie  texture  of  the  periosteum  is  lax  op  loose,  it 
follows  that  some  species  of  lii]nid  percolates  and  circulates  tlinjugh 
it:  that  liquid,  namely,  which  is  expresaed  from  the  muacloe, 
efipecially  from  those  which  are  in  the  seat  of  motion,  and  which  is 
collected  between  the  motive  fibres,  and  also  in  the  cellular  tissue  of 
the  muscles ;  which  liquid  is  at  the  same  time  oily  and  watery,  and 
gently  touches  and  lubricates  the  bones"  (IL,  no.  546). 

"The  motion  of  these  laminiR  ari-sea  from  that  of  the  surrounding 
muscles,  which  as  they  are  vnrioiisly  called  into  play,  exert  a  varying 
action  upon  these  laniinw,  and  indeed  a  reciprocal  action  of  Lho 

internal  and  extermd  ]>erio8teum,  causing  a  traction  and  retraction 

a  drawing  lo  and  fro — whereby  the  liquid  is  driven  from  port  to 
part "  (/?nW.). 

"The  fluid,  however,  which  circiilatea  through  the  muscular 
membranes  and  their  cellular  tissues,  und  in  tbe  end  through  Ui« 
periostea,  is  discharged  in  divers  pliircs;  namely  into  the  adipoee 
cells,  producing  fat,  and  into  all  Mio  interstices  of  the  body.  Beaide^ 
it  may  be  discharj^ed  through  the  nK»re  0|»en  pores  of  the  ekiu,  in 
which  cjisc  it  pluses  ofl"  in  sweat ;  and  again  it  may  take  its  oouis* 
towards  the  pcritonieum  and  the  pleura,  whose  channela  uf  dischai^ 
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have  a]i-eady  been  pointed  out  [in  "  Regnum  Animnlo,  I.,  no,  325  ; 
II.,  noa.  426,  427]  ;  fur  when  the  pores  of  the  skin  are  closed, 
oni]  perspimtion  prevented,  it  then  either  circulates  through  the 
periosteum,  or  is  driven  towards  the  jwritonaeiim  and  plt?ura,  and 
vie*}  rw^tfa"  (II.,  no.  547). 

47.  Again,  "According  to  the  general  rule,  every  liquid  tends 
ffom  the  clrcumferencefi  towards  the  centres,  or  from  the  greatest 
motion  to  the  least;  consequently,  from  every  jnirticular  hune  which 
18  a  circurafprcnce  towards  the  vertebral  cohimn  which  is  the  control 
axi«  of  the  bones"  (II.,  no.  546). 

'*As  all  Uie  bones  of  the  whole  body  refer  themselves  to  the 
vertehrul  column  as  to  their  fulcrum,  ur  as  to  the  common  axis  of  the 
centi-es  of  gravity  of  their  motions,  in  which  they  (inally  merge,  eo 
abo  is  the  case  ^vith  the  periostea.  For  in  this  axis  terminate  the 
BhouhIo^biade8,  the  ribs  with  the  sternum,  the  collar-bones,  the 
bones  of  the  arm  ;  and  further  down  the  ossa  innominata,  the  oes* 
pubis,  and  the  rest ;  in  this  axis  consequently  the  action  of  the  whole 
body  expires.  This  same  stream  of  motion  follows  the  volume  of 
the  liquids  which  occupy  the  fibres  of  the  periostea  "  (II.,  no.  535)^ 

**Tlie  ligamentous  covering  wliich  invests  the  vertebral  canal, 
connects  its  articulations  and  junctures  from  within  ;  it  governs  and 
moderates  the  varieties  of  its  motion,  and  acts  as  a  uniting  medium, 
as  it  were,  between  the  things  of  the  body  and  tlioae  of  the  spinal 
conL  It  also  transmits  a  juice  and  a  portion  of  its  aliment  to  the 
periostea  of  the  cranium;  which  juice,  in  company  with  the  arteries, 
produces  the  hair  of  the  hejid,  feeds  it,  and  causes  it  to  grow.  This 
coating  is  continued  from  all  the  membranes,  vaginnp,  and  cajieular 
ligaments  of  the  bones,  each  as  the  ribs,  shoulder-blade,  collar-bone, 
fctemum,  the  ossa  innominata  or  ischii,  the  ilium  and  os  pubis  * 
ill  £hort,  from  every  one  of  their  periotitoa.  Thence  a  continuous 
pfttliway  is  established  into  this  ijitogument. 

"  For  cavities,  like  windows,  arc  between  the  posterior  articulations 
anil  the  spinous  processes;  similar  ones  are  also  anteriorly  iu  tlie  oe 
aacnun  ;  and  these  cavities  are  covered  with  this  ligamentous  coating 
VT  covering.  To  this  coating  there  is  attached  very  closely  on  the 
outflides  at  the  edgea,  the  vagina  or  covering  whicli  invests  the 
vertebral  column  ;  and  further  the  ligamentum  sacro-sciaticum,  and 
•DTfifal  others  of  the  os  sacrum.  The  liquid  which  is  drawn  from 
these  soorces  in  poured  around  the  whole  of  the  ligamentous  covering 
in  the  int^-rior,  and  is  pumped  up  towarrls  the  higher  regions;  and 
near  the  foramen  magnum,   wlure  thiH  covering  is  thickest^  it  is 
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trttu&forrcd  to  the  dura  mater,  and  at  the  samo  time  to  the 
cmnium  ;  fur  these  coatings  arc  there  very  closely  united. 

**Thi8  is  confiniiftd  "by  a  great  nunibor  of  phenomena  ;  naraaly,  bj 
tho  oluAginous  lyin])h  and  viBcidity  which  ounstantly  onzes  out  froi 
thia  coating,  at  least  where  it  is  turned  towards  the  dura  mater, 
aimilar  oily  huiuour  is  also  abundantly  mot  with  under  the  tfpidt^noi 
or   near   the   roota   of  the   hair.     It  ia   further  coniiriuted  by 
determination  of  liquids  towards  their  centres;  consequently,  by  th^ 
determination  of  the  humoon*  of  the  periostea  towards  the  vertebi 
column  which  is  the  first  and  last  tenniuus  or  centre  of  all  Uie  solid! 
part^  ()f  the  body.     Again,  by  itfl  own  very  soft  fibniR,  and  th<ii 
oblic|ue  and  straight  continuations  towards  the  e<igcs  of  the  forann 
magnum.     And,  further,  by  a  kind  of  pumping  which  is  coutini 
from   the   bottom   upwards.       For   the   vert<*bral   column,    by    th( 
elevation  of  the  ribs,  is  inclined  forwards  aiid  bent  back  again  in 
alternate  periods  ;  and  tho  very  windows  or  fenestra)  at  the  l>ack  aro 
constricted  and  mlaxcfl  at  tho  samo  moments,  and  thus  iml>ibe  and 
propel  the  humour  mentioned   al)Ove.     Tlie  muscles  and  liyamenU 
>,  with  which  that  part  in  tlie  back  ia  closely  linoil,  lend  their 
td. 

*'  There  is  thus  carried  on  a  certain  perpetual  circulation  ;  for  tka^ 
brain  sends  out  its  vital  spirit  into  the  body  through  the  fibres ;  bu< 
the  body  sends  back  a  more  ignoble  juic-o  which  is  relegated  into  th< 
outermost  circumferences  of  the  brain"  (L,  no.  772), 

48.  *'As  tho  spinal  card  approaches  the  foramen  mogunm,  ittf] 
dura  mater,  wliich  ia  ther**  thicker  and  more  niddy  with  cami 
fibres,  becomes  attached  more  strongly  to  the  ligamentous  covering  ol 
the  vcrtebrul  cavity.  This  latter  covering  also  ia  fortitifsl  there  b; 
additional  coatings.  Many  delic^itc  filamente  also  are  bathr>d  thc^vj 
in  an  abundant  stream,  so  tliat  this  place  aeemt  to  be^  m  it  w«tv, 
mccting-placc  of  the  juice  which  is  poured  into  it,  and  firopuQad 
thence  into  the  higher  regions.  Pressing  cloisely  Uy  the  csgooQa 
wails,  this  juice  cannot  pass  anywhere  else  than  through  tho  foramen, 
magnum  into  the  dura  mater,  and  at  tho  same  timo  into  tha, 
pericranium;  for  tliese  uiembr.ines  are  continuations  of  thn  tuxij 
integuments  of  tho  spinal  otJtd  mentioned  above.  Perpiitual^ 
filaments  also  pass  and  repass  between  thn  ligamentous  cuvcring  wsnX 
the  dura  mater.  The  action  of  the  atlas  or  oi  the  first  verlithm  oil 
which  the  head  revolv**,  contribul^\a  likewise  t<»  tliis  r-  tbd 

action  of  this  vertebra  is  morr*  powcrfid  than  that  of  tli'  .  ....^aJog 
Tert<%bra»  \  and  tlwl  of  tlic  ccrvtcul  vertohr«  suipostu  Ciiat  of  thn 
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doraoi.     For  tho  production  of  this  result  alao,  all  tho  vertebras  aro 
fitted  into  each  other,  and  fortified  by  muscles. 

"  In  the  dura  mater  itself,  there  ure  strata  recipient  of  a  juice,  and 
it   is   niflo   furnished   with    fibres   which   arc   neither   nervous   nor 
tendinous,  and  yet  are  pervious  to  moisture,  and  which  therefore 
must  needs  be  irrigated  by  a  juice  similar  to  that  wliicli  liaa  just 
been  described.     Such  a  juice  also  tho  dura  mater  communicated 
immediiitely   through    filaments    produced    from   its   outer   lamina 
which    pas3  through   the  sutures,  to  tlio  OBseous  substance  of   the 
cranium,  and   likewise  to   the  pericranium,   which  orifpnolly   was 
closely  and  intimately  connected  with  the  dura  mater"  (II.,  no.  536), 
"That  the  nervous  juice  is  propelled  further  by  tlie  ceruboUtim 
and  cerebrum,  appears  from  tho  fibres  of  tlie  dura  mater  which  oru  as 
it  wcro   muscular,  .  .  .  and   from  several  other  a<lscititioas   forces 
whoruby  the  duia  mattir  is  move<l  when  tho  cerebrum  is  in  a  state  of 
motiuu.    In  this  manner,  then,  that  juice  is  propelled.    The  rood  which 
it  takes  seems  to  be  from  the  foramen  magnum  towanls  the  middle  of 
the  sphenoid  bone,  and  latendly  upwardH  into  the  duru  muter  itself, 
where  it  is  loosely  adjoined  to  the  cranium.     In  the  upper  part  of 
the  dura  mater  it  seems  to  be  carried  along  the  cnnal  [the  longitudinal 
sinus],  where  thoru  is  also  a  duplicature  of  thti  membrane  [the  falx 
cerebri],  which  when  it  is  acted  upon  on  both  sides  propels  the  juice 
forwards,  and  thence  towards  the  whole  circumference.     The  greater 
portion  of  tho  nervous  jnioo,  however,  insinuates  itself  first  into  tho 
tentorium,  and  thence  upwards  in  thc'  direction  of  the  cerebrum,  and 
likewise  into  the  fulx  cerebri,  and  thus  upwards  in  exactly  the  same 
direction  as  that  taken  by  the  fibres.     Tlius  every  part  of  the  dura 
mater  obtains  its  supply.      All   tliis  appears   manifestly  from   the 
direction  of  the  fibres  of  the  dura  mater  "  (L,  no.  28C(/). 

"  The  interior  lamina  of  tlio  dura  mater  is  a  peculiar  membrane 
which  is  a  vehicle  for  the  lymph  impregnated  with  spirit  tliat  is  set 
free  when  the  nerves  are  distributed  over  the  muscles  and  periostea, 
,  .  .  The  interior  hxmina  consists  of  ducts  or  tubes  which  convey  the 
nervous  juice ;  this  ap{K.'ar8  from  the  fonuntion  of  tlteso  ducts ;  for 
they  are  ample  aad  large.  They  also  transmit  a  copious  supply 
to  the  periosteum ;  and  if  no  paaaage  is  granted  to  it  there,  it 
transmits  this  juice  between  the  meninges  \i,*i,  into  the  subdural 
space] "  (I.,  no.  286f). 

*'  It  apppara  that  tho  dura  mater  adheres  to  the  cranium  through 
a  certain  spongy  suljstonce,  through  which  other  shoots  than  those 
of  blood-vessels  pass.     Further,  that  cords  and  ligiuuimta  pass  in  a 
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wonderful  manner  from  one  lamina  of  the  dara  mater  iuto  the  other ; 
by  this  process  of  crossing  the  two  lamincD  are  nut  only  made  to 
cohere,  and  the  blood-vesaela  compressed,  but  the  ducta  or  tubes 
containing  the  nervous  juice  are  also  pressed  together  at  the  mme  time  ; 
and  each  time  when  they  are  thus  compreeaed,  they  emit  their  juice. 
From  the  inflection  of  the  strata  it  appears,  that  the  determmation  of 
the  fibres  has  this  effect,  that  the  Liquids  contained  in  the  dura  inatftr 
are  deteimined  in  that  direction  where  this  membrane  is  attached 
closely  to  the  cranium ;  immely,  under  the  sagittal,  lambdoidal,  and 
coronal  sutures,  or  towards  the  cavities  between  the  meninges  [^ 
the  subdural  space],  which  is  proved  by  experience ;  or  finally, 
towards  the  roots  of  the  nerves ;  in  order  that  the  circle,  that  is 
the  circulation,  may  be  continued.  This,  however,  takes  ploeo 
chiefly  with  that  lymph  which  has  only  once  been  collected  between 
the  meninges  [t.e.  in  the  subdurrd  space]"  (Swedenbotg's  Photo* 
lithographed  MSS.,  Vol  vL,  p.  293,  nos.  83  and  84). 

"  Into  those  peculiar  little  tumours — the  Pacchionian  corpuscles — 
ducts  are  opened  from  the  arachnoid  membrane  and  the  pia  mnter, 
through  which  there  is  instilled  a  liquid  or  refined  lymph.  For 
there  is  a  connection  of  causoa,  and  from  remote  parts  there  is  con- 
stantly derived  thither  u  certain  lymph,  whence  some  suppose  thefio 
corpuscles  to  be  lymplmtic  veijsuls.  The  above  theory  is  confirmed 
by  experience  ;  for  throughout  the  whole  brain  no  lymphatic  vrnpoifl 
proper  have  been  discovered  "  (I.,  no.  286«), 

49.  As  the  elomenta  of  Swedenborg's  theory  of  the  onivcrBal 
circulation  of  the  cerebro-spinal  liquid  are  contained  in  various  parte 
of  his  scientific  MSS.,  we  considered  it  useful  to  combine  these  vtsay 
parts  into  a  united  whole  in  the  preceding  paragraphfl — hcnco  the 
lengthy  present4vtion.  The  above  theory  appears  atnmge  and  startling 
ftt  first,  but  when  the  individual  steps  of  which  it  oonaiMts  sid 
critically  examined,  this  strangeneBs  disappears.  Moat  of  these  ^p8 
are  based  on  general  amitottiical  facts.  Aa  for  instonoe,  that  th« 
cerebro-spinal  liquid  on  arriving  in  a  muscle  spreads  first  throngbout 
the  whole  of  the  muscle ;  that  then  it  collects  under  its  arootar  or 
aponeurotic  sheath,  aitd  by  the  continuity  of  that  nbeath  with  llw 
periosteum  Is  transmitted  in  that  direction.  AH  tliat  i«  rtquinpd 
here  to  be  proved  is  the  o^tinuity  of  the  muBcuiar  sheath  with  tha 
periosteum;  whicli,  however,  is  a  gi^neral  anatomical  fact  The 
fact  once  admitted  that  the  cerehru-fipiiuU  liquid,  in  it«  capacity  of 
nervous  juice,  accnm{)aniea  the  nervous  fibres  to  thoir  terminntiona  in 
the  muscles,  places  roust  bo  provided  for,  through  which  thin  liquid 
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may  bo  led  a^vay  from  \h&  maacleH.  But  the  continuity  of  the  outer 
sheath  of  the  niU9cl«  with  the  periofiteuia  shows  that  the  liquid  Is 
<3isc}iar^;ed  in  tliis  Uireotion. 

On  this  suhject  we  read  in  Cniveilhier,*  "The  apowmro^m  wo 
fibrous  membniues,  arnLn^<l  in  the  form  of  inextensible  toxturea, 
whlcli  cnnfftttuto  nhcatha  for  the  musclcn,  and  at  the  saino  time 
afford  thorn  bro;id  surfaces  for  attachment.  .  ,  .  The  ^nWrum  must 
also  bo  anni:xed  to  the  n{)onourutic  HYstem  ;  it  is  a  true  aponouroais, 
covering  evory  part  of  the  Loncs,  nnd  o^jiatituting  n  fibroiia  shoath 
for  them.  Wo  may  consider  the  periosteum  m  the  central  point  of 
the  aponeurotic  syBtem,  proceeding  from  which,  we  find  tendons 
wxpaJidinK  cither  up<jn  the  aurface,  or  in  the  substance  of  muscles, 
and  constituting  the  aj)oneuroses  of  insertion ;  or  else  thosv  fibrouB 
oonea  or  pynunidij,  from  the  interior  uf  which  the  deshy  fibros  take 
their  origin.  From  Uie  poriiiateum,  or  rather  from  the  ridj^es  or  cleft« 
by  which  the  surfaces  of  bones  are  nuirked,  both  the  jmrietal  and 
general  investiug  ai^oiiouroeos  ariau  "  (p.  388). 

The  fact,  however,  thut  a  liquid  i^  conveyed  iindcr  the  aponeuioaeai 
and  thua  under  the  t^heathfi  of  the  mu^clea,  and  tlmt  from  the  muscles 
it  is  conveyed  into  the  sinews  and  timdonts  by  wliich  the  muscles  are 
apiioudcd  to  the  Ixynes,  and  through  wliich  the  ajtoncurotic  coating  of 
the  muscles  is  continued  into  the  periosteum  (ff  this  bonus — lias  been 
proved  experimentally  by  Key  and  Retziua.'-'  They  say,  "AVhenft 
sinew  or  tendon  is  injected  b}'  puncture,  the  moisture  nms  along  the 
individual  sinewy  stran<ls.  U]xin  exjiinining  such  iigectcd  sinews, 
it  appears,  e«pceially  in  horizontal  sections,  that  each  individual  strand 
is  surrounded  by  an  injected  ring,  whicli,  when  examintMl  under  a 
high  magnifying  flower,  is  found  to  bo  under  the  interior  of  the  tdieath 
by  which  the  siiiew  is  cncloaed,  ajid  by  which  the  individual  sinewy 
etringa  are  separated  from  one  another.  .  .  .  The  sheaths  of  the 
«inewa  are  even  continued  into  the  muscles  to  which  they  btdoug, 
botwoon  the  fasciculi  i»r  bmulles  of  which  Uiey  send  out  thin 
xnembranoua  formations;  and  by  these  the  individual  muscular  fasciculi 
art?  enclosed.  The  injection  which  is  made  into  a  sinew  or  tendon  thus 
spreads  eveu  under  the  little  membranes  by  which  the  individual 
fasciculi  of  Uie  muscle  are  enclosed  "  (p.  15).  The  above  rosulta  Key 
and  Retzius  obtnined  by  injecting  a  rat-tail ;  yet  similar  remdts  thry 
obUiuod  by  ii^i?i;ting   humiui    tendons,  and   also   those   of   higher 

«  "Op.  dt«t.."  VmL  i. 

*  K«y  and  !{**t7:ia5,  "Oni  senomiu  byggnad  och  suftbAiior."  In  "Xoniiakt 
MttlUiuiHlLt  Atkiv."  Vol.  rii.,  no.  21.    Stockholoi,  1876;  pi>.  1-21, 
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mammuliu,  fiuuh  as  the  dog  (see  p.  lt$).  At  lust,  as  borne  out  by 
their  ohsorvations,  the  injection  enters  int/>  re;;ular  Iym|»hiitic  vtiai»U 
by  which  the  blood-vesseb  arc  alteudeU  in  the  interior  of  the  temhmft 
and  8LI10WS.  lu  these  lyinphiiiiu  vesselg,  according  to  these  anthoi^ 
thu  lynipliatic  simces  in  the  sinews  onii  tendons  Hnidly  tenuiimttf. 

Still  it  docs  not  follow  thence  that  there  is  no  connection  on  tJ4& 
other  hand  between  the  lymph-tmcks  of  the  sinews  and  those  of  the 
poriostemn.  But  the  discovery  of  these  trucks  will  have  to  b^  left  to 
future  observers — although  the  continuity  of  tlie  aponeui-oscs  of  the 
tendons  with  those  of  the  periosteum,  as  Bp]>earE  from  the  qaotation 
from  Cruvcilhier»  i^  an  acVnnwlc^lgfd  anatomical  fact. 

60.  The  next  st<*p  in  Swedenborg's  theory  is  expressed  in  theM 
words,  "  As  all  the  bonus  of  the  whole  body  refer  themselves  to  the 
vertebral  colunni  as  to  their  ftilcrum,  or  as  to  the  common  arta  of 
the  centres  of  gravity  of  their  motions,  in  which  tlicy  finally  mergr, 
so  also  is  the  case  with  the  porioatra." 

The  general  anatomic^  fact  on  which  this  further  step  in  8weden- 
borg's  tlieory  is  based  is  undeniable ;  for  the  vertebral  column  is 
actually  the  general  axis  of  all  tho  Itones  of  the  human  skeleton,  to- 
which  they  refer  themselves  as  to  their  fulcnim.  But  experience 
further  prove^t  that  the  periosteum  uf  the  vertebral  C4inal,  f'.ff.  tlH^ 
ligamentous  covering  of  th©  spinal  coni,  contaiup  lymphatic  spna^a, 
and  that  its  communications  bnuich  out  in  many  directions  of  the 
body.  Thus  Quincke  says,  ''If  the  vermilion  [on  making  injections 
into  tho  vertebral  canal]  is  not  dej»osiled  exciu.sivp.Iy  in  the  sub- 
oraclinoid  space,  but  if  some  portions,  or  tho  whole  of  it,  gets  into 
the  cellular  tissue  between  the  dura  mater  and  the  periosteum  of  the 
vertebral  canal — in  this  case,  espociidly  fri»m  the  dorsal  surface  of  tho 
vertebra',  it  sprea^U  out  to  a  greater  or  smaller  distance,  somclimw  as 
far  as  the  cervical  part  of  the  vertebral  column.  By  the  lympluttic 
current  it  is  sometimes  carrii*<l  a  gooil  deal  farther.  It  thus  makes 
its  appearance  in  the  lumbar  lymi>hatic  glands  which  are  situut4!d 
near  the  aorta  \  further,  in  the  su1)claviaii  and  mediastimd  lytupliaiic 
glands  :  also,  in  the  inner  surfac4>  of  tho  intercostal  muftlcs,  so  that  it 
shines  through  the  pleura.  While  in  a  subarachnoid  injei-.tion  th© 
veiuiilion  is  eontined  closely  to  the  coui^e  of  the  intercostal  neiTM, 
the  paths  of  an  injection  when  marlr  into  tho  colluhir  tissue  of  the 
vertebral  canid,  are  marked  cajt  much  loas  defhiitely.  It  i»enftrut*« 
uito  the  int^rctistaj  spaces  undor  th*»  pleura  much  morv  dill\isejy  and 
a  good  doaJ  farther ;  sometimes  also  it  sccma  to  follow  the  murM  of 
the  vena  ^ygoa"  (Qp.  «7.,  p.  160). 


ITS  UNIVERS.iL  CIRCULATION. 


639 


■ 


Bat  ns  to  Swcdenborg'a  slAtcment  that  between  the  dura  mater  of 
the  spinal  cord  and  the  ligamontoiw  corenng  in  the  interior  vertebral 
cauul,  there  is  a  IvTnphalic  Ppace,  in  which  a  liquid  may  Iw;  projiellud 
as  far  as  the  fnramon  ninj^imm,  this  is  placed  boyond  doubt  by 
Waldoyer  and  Fischer's  experiment*.  Tlie  former  Rays,  "  Some  of 
the  experiments  wluch  we  iii^litutefl  eeom  to  prove  that  the  ejndurai 
space  of  the  t^pinal  cortl  also,  niimely,  tlie  space  between  the  dura 
spinalis  and  the  parietal  surface  of  the  vertebral  canal,  may  be  classed 
as  a  lymphatic  canal  The  injections,  which  consisted  of  \  per  cent 
of  a  solution  of  silver,  were  aceomplishod  by  moaiw  of  a  canula  shaped 
jn  the  form  of  a  scrt'w ;  that  is,  lliey  wert*  made  by  a  canula  of  steel 
in  the  form  of  a  hollow  screw  which  was  simply  bored  through  a 
vertebra  near  a  processus  spinosus.  The  lumen  of  the  canula  during 
the  act  of  boring  was  idosed  by  a  peg.  After  tht*  |t*irforalion  was 
accomplished,  the  peg  was  withdrawn  and  the  india-rubber  tube  of 
the  ve.ssel  containing  the  injection  raised  up.  During  the  ii\joction 
we  always  noticed  an  uncommonly  easy  advance  of  the  litpiid  into 
the  serous  cavities  of  tht*  body,  that  is,  into  the  pleura  and  peritoueum  ; 
likewise  along  the  peripheral  spinal  nerve-trunks"  (Op.  «7,,  p.  366), 
51.  From  the  lymphatic  spaces  in  the  ligamentous  covering  the 
lymph  which  we  are  now  discussing,  acconling  to  Sweden  lx»rg,  is 
transmitted  to  the  dura  mater  of  the  cranium,  and  in  {lart  also  to  the 
pericranium.  On  this  subject,  as  we  havo  seen  above,  he  says,  "As 
the  spinal  cord  approaches  the  foramen  nmgnujn,  its  dura  mater, 
which  is  there  thii'ker  .  .  .  becomes  attaehfil  n»ore  stmngly  to  the 
ligamentous  covering  of  the  Ycrlebral  cavity.  This  latter  covering 
also  is  fortified  there  by  additional  coatings.  Many  dellL-ale  fdaments 
also  are  bathed  there  in  an  abundant  stream,  so  that  tliis  place  seems 
to  be,  as  it  were,  a  meeting-plare  of  the  juice  which  is  poured  into  it, 
and  propelled  thence  inUj  the  higher  regions." 

The  existence  of  these  anatomical  conditions  is  abundantly 
coniimied  by  anatomical  researches.  So,  in  addition  to  what  was 
quoted  above  from  Waldeyer  and  Fieclier  concerning  the  lymphatic 
spaces  in  the  ligamentous  covering  of  the  vertcbmi  ^-anal,  Richet* 
•ftys,  "Throughout  the  whole  extent  of  this  canal,  whidi  is  really 
considerable,  it  consists  of  walls  which  are  partly  oeseous  and  partly 
membranous,  and  which  are  con8e<juently  susceptible  of  a  certain 
dugi*ee  of  extensibility.  Besides,  between  the  dura  mater  which  is 
very  loose,  and  tlio  osseous  wall,  tliere  exist  a  gi^at  number  of  venous 

*  Rirhet  (A. ).     *  *  Tniitc  piatiqufj  d'Aoatomle  MMico-Chirorgicale."    Secoads 

viUtteil.       I'ttrih,  IBflO  ;   p.  -2H4,  et  H'f. 
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plexuBes,  and  a  kind  of  semi-fluid  fat,  vrbieli,  like  tho  blood,   if 
reiiuirwl,  is  ablw  to  flow  outside  of  the  verlebrnl  franal." 

Concerning  tlivsB  venous  plexuses  we  read  in  Ilonle,^  that  "  the 
anterior  plexu»e«  are  uiore  |K>werfuI  and  denser  than  the  po«t4?-rior ; 
so  dense,  in  fact,  timt  the  veins  of  tho  injected  plexuses  ar«  separated 
by  mere  deft-like  interstices  "  (p.  357).  These  interstices,  according 
to  Richet,  are  filled  with  a  kind  of  "  semi-lluid  fat,"  which  Sweden- 
borg  defines  as  an  **oily  "  or  "oleaginous  lymph." 

The  topmost  venous  ploxns  of  tlio  vertebral  column  where  it 
approaches  tho  foramen  occipitale,  ae  is  shown  in  Breschet**-  pUt^?, 
is  wider  and  more  ex]mnckd  than  any  other  jiloxua  of  the  vertobnil 
canal,  and  hence  also  the  intermediate  spaces  which  contain  tlie  '*  oily 
lymph  "  in  question  are  also  wider  there,  thus  furnishing  that  kind  of 
meeting-place  for  this  ]ym[ih,  as  is  described  above  by  Swodcnborg. 

52.  Our  author  continues  on  the  subject  of  the  fuither  progrosB  of 
the  ^'oily  lymph  :  "  "  Preasijig  closely  to  the  osseous  walls,  this  juiuo 
cannot  pass  anpvhere  else  than  through  the  fommcn  nia^uni  into 
the  dura  luatcr,  and  at  the  same  time  into  the  piTicranium  ;  for  Utcjst) 
membranes  are  contLnuatioiia  of  the  two  integuments  of  tlie  spinal 
cord  mentioned  alwve.  Per|)etuftl  filaments  also  pass  and  repass 
between  the  ligamentous  covering  and  the  dura  mater."  Again  h» 
says,  "  The  road  which  this  juice  takes,  seems  to  In*  from  tho  fonunen 
magnum  towards  the  middle  of  the  sphenoid  bone,  and  laterally 
upwards  into  tlie  dura  mater  itself.  .  .  .  Tlie  largest  portion  of  tbu 
ner\-ou8  juice — the  oily  lymph — ^howevcr,  insinuattis  itfi«lf  first  into 
the  tentorium,  and  thence  upwards." 

This  is  proved  by  tho  course  of  the  above-mentioned  plexaaw 
after  they  reach  the  nranial  cavity,  aa  this  13  deseribeil  Vy  Ilenle. 
He  says,  •'  The  topmost  venous  ring  of  the  vert<ibral  oanul  is  situali^d 
between  tlie  occipital  bone  and  the  atlas,  and  is  continued  in  aa 
anUHor  direction  into  the  plexus  bnailaris ;  whilw  the  jmidininr 
branch  of  this  same  venous  rinf:  givrvs  rise  to  tlie  o<;oipital  sinn*** 
{Op,  rt7.,  p.  358). 

Concerning  the  "basilar  plexiiH,"  howovcr,  winch  exUtuU  from 
the  occipital  bone  to  the  sella  turcic  of  thw  sphenoid  bone,  ho  fays 
*'  A  more  or  less  copious  venous  net  is  formed  in  that  pftrt  of  the 
dura  mater  which  covers  tho  camial  declivity,  out  of  canals  which 

iH«tiI«(J.).  "Handbuch,'*«tc.  Vol.  HI.,  ms:!.  i..  "Oefiisslahn."  Brmun- 
wliwcig,  lSt}8. 

'  BrtMhct(M.  G.).  "RcGh4n*cb«»ftnatoinii]aM«ttTl4iAyfit4>ni«v«inffi]K.*'  VwiiB^ 
1S29.     Livr.  1,  plunrli*  R. 
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origizuito  in  the  cavernous  and  intercavemoas  sinusoA ;  Tvhich  net  is 
laterally  connected  with  tlie  inferiur  putrusal  sinusoa,  oiiil  in  n  down- 
ward direction  empties  into  Uie  venous  pkxns  of  the  anterior  wtdl  of 
the  fonuneu  miignum.  This  venous  net  is  tho  b<mfat'  phxus  of 
Yin*.huw"»  (Ihid,,  p.  335). 

In  tho  (.Urection  of  the  <*  basilar  plexus  "  on  the  one  hand,  and  of 
tha  "occipital  sinus"  on  the  other,  tlio  "oiJy  Ivmph  "  would  thus 
pursue  its  coiu^e  after  it  has  reachoAl  the  fommvu  occipitale ;  yet 
under  altered  conditions.  For  the  li^incntouH  covering  of  the 
vertebral  canal,  as  it  approaches  the  foramen  occipitale,  loses  ita 
independent  character,  and  jmrtly  passes  over  into  the  dura  luatur, 
and  partly  is  continued  into  the  pericranium. 

53.  In  proportion,  however,  as  thu  dura  mater  of  the  cranium 
aestunes  those  functions  which  in  the  vertebral  canal  are  exercisetl 
by  tlie  ligjimentous  covering — in  the  satuc  projwrtion  lyniphatic  ducta 
have  to  be  provided  for  in  the  dura  mater  for  the  reception  of  the 
"  oily  lyiQph."  On  this  subject  Swedenborg  Bays,  "  Tlie  interior 
lamina  of  the  dura  muter  is  a  |)eculiar  membrane  which  is  a  vehicle  for 
that  lymph  impregnated  with  spirit  which  is  set  free  when  the  nerves 
arc  distributed  over  the  muscles  and  periostea.  .  .  .  This  interior  lamina 
consists  of  ducts  or  tubes  which  convey  the  nervous  juice.  This  apiMsars 
frtini  the  formation  of  these  ducts ;  for  they  are  ample  and  lurgo." 

The  existence  of  such  a  system  of  l}'mphatic  tubes  in  the  dnra 
mater,  has  been  abundantly  proved  by  Key  and  Retuus.  From 
their  researches,  which  are  given  at  full  length  in  our  Vol.  I.,  p.  233, 
tit  Mtfj.,  we  quote  as  follows :  **  On  making  injections  by  jiuncture 
there  are  often  filled  in  the  tissue  of  the  dura  peculiarly  formed 
systems  of  little  tubes.  ...  If  tho  injection  is  very  strong,  the 
little  lubes  are  so  much  crowded  that  the  dural  tissue  can  bo 
scarcely  perceived.  .  .  .  Each  tu1)e  is  usually  quite  straight,  and, 
as  may  be  seen  in  vertical  cute,  its  shape  is  generally  cylindrical^ 
and  it  terminates  in  Kharp  points.  .  ,  .  The  question  now  arises 
whether  these  spaces  are  naturally  preformed,  i.e.  whether  they  are 
natuml  canals.  It  is  indeed  more  than  ]irobuble,  nay,  it  is  necessary, 
that  there  should  be  I'e-al  systom-s  oi  lyiupli-canals  in  the  dura  mater. 
Besides  the  blood-vessels,  the  above  are  the  only  canals  which  can 
hr  demon.atrated  by  methods  of  ii^ection  ;  therefore  it  is  also  highly 
probable  that  these  tubular  systt'ins  represent  tho  lymph-carmla " 
("Studien,"  etc..  VoL  I.,  pp.  165,  166). 

'  Virchow.  "  Untemuchungpn  Ubcr  die  Rntwickclung  dea  S*Jia<!i;lgruTide«." 
Bcrlia,  1857.    See  above,  NoUi  vi.,  110.  37. 
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64,  The   mexrhanism   by   which  tho   "nervous  juice"  or   "oily 
lymph"    is    circulated    tlirotigh    the    duru     nmter,    ac<^ording    to 
Swodonborg,  differs  essentially  from  that  by  which  that  aanie  lyiuph 
is    caused   to   ascend   the    vertebral    canal    t^iwatds    the    foramen 
occipitale.     On  this  subject  he  says,  "That  the  nervous  juice  [after 
reaching  the  dura  mater  in  the  cranial  cnvity]  is  propollcfl  farther  by 
the  corebelluiu  and  cerebrum,  appears  from  the  fibres  of  tho  dura 
mater,  which  are,  im  it  wore,  muscular  [i.e.  elastic  ;  compare  on  this 
subject  Vol.  I.,  pp.  706-709,  wlicrc  the  motion  of  the  dura  mater  ia 
examined].     It  appears  further  from  several  other  adscititious  foroes 
whereby  the  dura  mater  is  movwl,  when  the  cerebrum  is  in  a  state 
of  motion."     Rut  in  what  manner  the  motion  of  tho  dura  mAtcr, 
wliich  ia  excited  by  that  of  the  cerebrum  and  cerebellum,  acts  upon 
the  lymphatic  ductti  of  thi^  membrane,  and  propeKs  the  juico  contain^ 
therein,  Sweilenborg  explains  thus,  "Cords  and  ligaments  pass  tn  A 
wonderful  manner  from  one  lamina  of  the  dnra  mater  into  the  otlter. 
By  this  process  of  crossing,  tho  two  laminiP  are  not  only  mad«  to 
cohere,  and  tho  hlood-vesaela  compi*esae4i,  but  the  ducts  or  tulws  con- 
taining tlie  nervous  juice  are  also  pressed  together  at  tho  same  time ; 
iuid  each  time  when  they  are  thus  compressed,  th^y  emit  their  juice." 
Such  n  crossing  of  fibres  froui  one  lamina  of  tho  dura  mator  into 
the  other,  is  an  anatomical  fact.     On  this  subject  Key  and  Retzius 
say,    "As   may   Imj   seen   with   the   naked   eye,  and   tts    has    been 
g»?nomlly  acknowledf^d,  the  fibrous  fascicles  in  the  dura  mater  of 
the  brain  are  chieily  arranged  into  two  principal  layere.  .  .   .  The 
two  principal  layers,  however,  are  most  intimately  conjoined  by  an 
interchange  of  fascicles,  so  that  any  separation  of  tlie  two  must  Iw 
tenuotl  an  artificitd  one  "  {Op.  city  VoL  I.,  p.  157).     Compare  VoL  L* 
p.  702. 

The  method  by  which  the  "nervous  juice,"  tlie  "oLly  lymph,"  is 
]>rn|)elled  in  the  ligamontou«  covering  of  the  vertebral  camd,  is  quittf 
different  from  tliat  which  is  stated  here,  Thero  the  movement  ol 
this  juice,  according  to  Swedenborig,  is  caused  mainly  by  the  forc&n  of 
capillorj'  attraction,  a^istod  by  the  motion  of  Uie  dura  iii  '  the 

ret^piraiory  motion  of  the  lliora.x.      In  illuatmtiou  of   'i  ••t» 

8wedrnl»org  says,  "Tliero  is  nothing  of  more  frcqueHl  occutrcneo  In 
tho  vegetable,  animal,  and  also  in  tho  mim^ral  kin.'  '^loii  th^l 

juices  constantly  percolate  through  the  tibres  of   i.  rt.     For 

whether  a  juice  be  of  an  aqueous  or  oily  nature,  it  ascends  with  Um 
greatest  ease,  and  almo<jt  si^fontaneously,  from  t}ie  liottcim  to  the  to]i ; 
BO  that  in  certain  vcgctaldt^  tcxtuivp,  in  Btalk^  twigts  gTaeeN!»,  uiil 
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trees,  the  juice  or  the  sap  ascends  from  the  root  to  ilie  highest  top  ; 
eepeoially,  if  on  the  one  side  there  be  a  hard  body  to  which  the 
percolating  membrane  is  attached.  .  .  .  Besides  innumerable  other 
instances  and  phenomena  taught  by  chemistry  and  physics,  by  which 
is  proved  that  liqtiiJ  mcnstnia,  oil,  spirit,  or  waters,  by  their  own 
efforU  as  it  were  jmss  tlirough  membraiios  chiefly  of  the  animal 
kingdom^  made  for  the  transmission  of  Hipiidti ;  and  that  they  do 
not  rest  until  they  emerge  and  come  into  contact  with  the  air" 
(II.,  no.  537). 

The  assistance,  however,  which  the  *'oily  lymph"  in  its  ascent 
towards  tlie  foramen  occipitale  derivea  from  the  motion  of  the  dura 
mater  and  the  rt-spinitory  movements  of  the  thorax,  accortling  to 
Swedenborg,  is  as  follows :  "  The  vaginal  coating  of  tlie  vertebral 
canal  is  acted  upon  immediately  by  the  spinal  cord  itsplf  by  means 
of  the  tibres  of  the  i»erves  and  the  vasoidar  shoots  which  it  transmits 
through  the  same.  The  dura  mater  of  the  cord  also,  which  is  closely 
attached  to  the  liganiontous  coverbig  in  front  ....  is  likewise 
tightened  and  ryla.\ed  iu  idternate  periods.  Tht*  very  vertebrsB  also 
bend  and  unbend,  fold  and  unfold  this  coating  at  tlie  same  alternate 
periods,  althougli  in  iin  insensible  nmnner :  for  when  the  ribs  are 
raisedy  the  uppiT  part  of  each  veilubra  is  drawn  one  way,  and  its 
lower  jMirt  another  way  ;  whence  there  redounds  an  effect  upon  the 
vaginal  coating  of  the  vertebra!  canal  "  {II.,  no.  536).  "Thence,"  as 
wo  read  in  another  piano,  *'  there  results  a  scrips  of  pumping  which 
is  continued  from  the  bottom  upwards.  For  the  vertohral  column  by 
the  elevation  of  the  ribs  is  inclined  forwards  and  bent  back  again, 
and  the  very  windows  or  fenestrae  in  the  back  [where  the  oily  lymph 
Cfilh'Cta]  are  constricted  and  n-laxi^d  at  the  same  moments,  and  thus 
imbibe  and  propel  the  humour  mentionetl  above.  The  muscles  and 
ligament.s  also  wherewith  that  part  is  closely  lin»l  on  the  back,  lend 
their  aid  "(L,  no.  772). 

On  comparing  the  two  mechanisms  for  the  propulsion  of  the  lymph 
in  question,  we  Hud  that  in  the  Ligamentous  covering  of  the  vertebral 
Guml  it  is  chiefly  urijed  on  by  the  force  of  aipillary  attraction,  while 
in  tho  craniid  dura  mater  its  circulation  ilepends  upon  the  motion  of 
this  membrane,  which  in  its  turn  depends  upon  thiit  of  tht^  cerebrum 
and  cerebellum.  Iu  the  cranial  dura  mator  the  Ij-mphatic  ducts  are 
thus  altoniately  opened  and  shut  l>y  the  relaxation  and  stretching  of 
the  librous  fiiscicles  which  pass  frtiiu  one  of  its  lamina  into  the 
other,  and  thn  juice  in  question  is  thus  emitt<!d  from  those  ducts  in 
alternate  intervals  which  are  dcjiendcnt  in  the  first  place  upon  the 
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motiun  of  the  bmin.  WliQu  thua,  iii  u  dead  subjoct,  an  ixgection  made 
into  the  ligatnentous  covering  of  the  vertebral  canal  would,  with- 
out any  dit{iciilt)%  ascend  as  h^x  aa  tho  foramen  oocipitole  by  sheer 
force  of  capillary  attraction,  its  furtliei  pro^jresB  woidd  be  stayed 
there  by  tlie  collapsed  sUto  of  the  lymphatic  ducts  in  the  cranial 
dura  mater,  as  has  also  been  proved  by  ex(>6rience.  Thua  Waldoycr 
says  in  respect  to  the  injection  instituted  by  Dr.  FuL-hcr  aud  him- 
self :  "  During  an  injootion  of  the  ligamentous  covering  \ve  always 
noticed  an  uucomuiuuly  eaay  advance  of  the  liquid  into  tlie  seruos 
cavities  of  the  body.  .  .  .  But,  on  the  contrary,  the  mnsa  never 
penetrated  into  the  cranial  cavity,  which  fact  can  be  very  ewily 
explained  by  the  anatomical  nilatiout^  of  the  spinal  and  cranial  dura. 
mater"  {Op.  at,  p.  366). 

55.  As  regards  the  ultimate  destiny  of  the  "nervous  juice  "  which 
circulates  througli  the  lymphatic  ducts  of  the  emniid  dura  maler, 
Swe<lenborg  says,  "The  nervous  juice  [originally]  sccroU^l  from  the 
cerebrum,  as  well  as  from  the  cereMlum,  the  medulla  oblongata,  and 
the  Rpinal  cord,  and  which  is  tnwuimitted  ihenco  iu  the  interstices 
between  tlio  Khrcii  of  the  fascicles  or  rootn  of  the  nerves,  and  which 
is  enriched  by  only  a  small  portion  of  a  spirituous  ingredient — [in 
the  end]  seems  to  be  expended  ehielly  ou  the  iiuLritiuu  of  the  bones, 
and  at  the  same  time  on  the  production  of  Llie  hair,  lest  that 
spirituous  ingredient,  which  is  Latent  within,  should  perish  without 
having  been  productive  of  any  use  "  (IL,  no.  539). 

From  this  it  woidd  follow  tliat  there  exists  un  unintemipt»d 
communication  l>etween  the  lymphatic  ducta  in  the  interior  of  the 
dura  mater,  and  the  pericranium  which  givea  birth  to  the  hair ;  and, 
on  the  other  hand,  that  these  duots  are  in  closo  connection  with  the 
interior  surface  of  the  cranium  to  which  the  exterior  lamina  of  tho 
dura  mater  serves  in  tho  capacity  of  periosteum.  On  thia  subjoot 
Swedenborp  says,  "  A  juice  of  the  above  description^  the  ilura  mater^ 
by  means  of  filaments  produced  from  its  outer  lamina,  which  paaa 
through  the  sutures,  fumiahea  immediately  to  the  oeaeous  Buhelauue 
of  the  cnuiium,  ami  likewise  to  the  pericmnium,  M'hich  originally 
was  closely  and  intimately  connected  with  tlie  dura  mater"  (11^ 
no.  53G).  Again  he  snys,  "  From  tho  inflexion  of  tho  strata  trf  the 
dura  mater  it  appears  that  the  determination  of  the  (■ '  ■  thit. 
cB'ect,  that  the  liquids  contiiiued  in  the  dura  muter  u: 
in  that  direction  where  this  membrane  ia  cioneiy  attadjcd  lo  Iha 
oi&nium ;  munely,  under  the  aagittal,  lambdoidulf  and  ei:irtinid 
aatUToa  "  ^see  above,  in  no.  -id). 
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In  tbusu  sUtomeiitfl  fSwedL'Xiboi^g  ia  fully  borne  out  by  the 
reAoorcbes  of  rootleni  wjieDce.  Tlma  in  resjwct  to  the  uttjicliiucnt  of 
the  duiu  mat^r  to  the  cranium  wo  reatl  iu  Schwull>e,  '*  Fij»o  filamenta 
of  connectivo  tissue  uml  snmll  vosscle  wiiich  arc  pnxluced  from  the 
Uuxti  nmttcr  and  enter  the  osseous  substance  of  Llie  craniunii  aru 
always  toni  when  the  dura  mat«r  is  remove*!  from  the  cranium.  On 
this  account  thu  exterior  surface  of  this  membruno,  after  it  has  been 
separatfid  from  the  cranium,  always  ai)]>ear8  rough.  .  .  .  Where  the 
duia  does  not  adhere  to  the  crauium,  ^&  for  instance  everywhere, 
between  the  line  rilameutfi  of  connection,  on  the  exterior  surface  of 
the  dura  mater,  there  ia  oxhiliitcd  an  endothelium,  ns  may  enaily  bo 
proved  by  the  method  of  silvering  followed  by  Wiensky  and  Michel. 
Tliis  eudothclium  belongs  ^  thu  fine  capiUary  fUaural  s[iace» 
(tyrithral  sixwett)  whicli  exist  ht^re  between  the  dura  and  the  osseous 
substance  of  the  cranium,  and  which  curresi«ind  Ui  tlie  subperiusti'id 
iymphatic  itjjacrit  of  other  honos"  {Op,  cU.,  p.  799). 

There  exist  thus  lymphatic  »ijact'd  Hm-d  with  endutlu-lium  U'twecn 
Uic  dvira  mater  and  tlie  8ul)8tance  of  tlie  c-nuiiuui,  and  the  l>mph 
contained  in  tlieac  spaces,  which  is  derived  from  the  lymphatic  ducts 
of  the  dura  mater,  must-  needs  be  expended  tin  the  nutrition  of  tho 
bone,  or  cUc  1>e  conveyed  towai-ds  the  sutured  which  arc  in  imme- 
diato  connection  witli  tlie  pericranium — tho  external  periosteum  of 
the  cranium. 

On  this  subject  we  reatl  in  Luschka,^  "The  [Xfriueteum  which 
adheres  to  the  external  table  of  tho  cranium — thr  prrinanium — is 
a  thin,  biit  proportionatily  finn,  fibrous  membiunc,  the  tiaane  of 
whicli,  wiUiout  any  interruption,  posses  ovar  into  the  so-called 
oartilago  suturarum^  bo  that  in  the  nei^'hbourh'io<I  of  tho  sutures  it 
adheres  more  closely  to  the  cranium  than  elsewhere  "  (p.  53).  iVnd 
again  he  says,  "In  tho  sutures  no  matter  what  their  nature  may  bo, 
there  is  over  inserted  botween  tlie  O'lyea  of  tho  bono*  a  thin  layer  of 
a  thin,  whitieh  substance,  very  mucJa  like  cartila(;e — rarti/affo  ^itur* 
arttrn — which  is  continuous  with  tlic  extemid  and  internal  pcriofiteucDr 
but  which  does  not  possess  the  least  trace  of  a  cartila^'inuus  texture. 
This  intervening  substance  consists  of  clos«"ly-woven  cellular  fascicles 
intermixed  with  fine  ekstic  fibres  and  a  number  of  oblong  nuclei " 
(p.  98). 

This  texture  seenifi  U)  be  porfectly  calculated  by  capillar)'  attrac- 
tion, and  thus  by  imbibition,  to  transmit  a  tserous  liquid  from  the 

'  Lnachka  {H.  v. ).  '•  Pic  Anntomie  d«  Meiischrn,"  wtc..  Vol,  I II. ,  Sect  ii. ; 
"Dor  Kopf."    Tubingen,  1807. 
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intorioT  periofltfluin  of  the  cranium — the  outer  lamina  of  the  dun 
mater — to  the  pericraninra,  where,  in  addition  to  the  nutriment 
derived  immeiliatcly  from  the  bI<x>d-vnflsola,  it  would  contrihute  to 
the  nutrition  of  the  hair. 

56.  Swedenborg  says  in  conchision,  •*  The  liquid  contained  in  thw 
dura  matiiT  is  determined  in  thut  direction  where  this  mcmhnuie 
ia  closely  attached  to  the  cranium;  namely,  under  the  sngittal, 
lamhiloidal,  and  coronal  sutures — or,  as  is  j>i'oved  hy  experience,  U 
is  determined  towai'ds  the  cavities  Iwtweca  the  meninges  [/,f,  into 
the  subdural  space] ;  or,  Hnallj,  it  is  directed  towards  the  roots  of 
the  nerves,  in  order  that  the  cin:le,  that  is,  the  cin*ulaii<>n  of  this 
liquid,  may  l>e  continiUHl.  This,  however,  takes  place  chiefly  with 
that  lynipli  which  has  only  once  been  collected  in  the  subdural 
space  "  (see  above,  no.  48). 

Tlie  fact  that  thurc  is  such  a  communication  between  the  lymphatic 
ducts  or  tubes  of  the  dura  mater  and  the  subduml  space,  hoB 
been  abundantly  proved  by  Waldeyor  and  Fischer.  By  an  experi- 
ment bearinj^  upon  the  present  subject,  M'liioh  is  detailed  in  full  in 
no.  41  of  the  present  note,  they  showed  that  an  injection  made  into 
the  subdural  space  penetrates  into  the  interior  of  the  dura  ntater, 
especially  in  tlie  nei^^hbourhood  of  the  lougihidinal  sinus.  They  main* 
tain  that  **  tliis  injection  penetrates  through  the  interior,  entlotlielial 
lining  of  the  dura  mater  into  its  system  nf  lymjihatic  spaces,  which  in 
its  turn  communicates  with  the  vemous  npiTaratus  of  this  membrane," 

AVe,  on  the  contrary,  maintain  that  the  openinj^'S  and  pasisiagcs 
discovered  by  these  observers  are  not  inlets,  but  outlets ;  and  that 
through  them  there  is  discharged  in  part  that  I^-mithatic  juice  which 
is  received  by  the  lymphatic  ducta  or  tubea  of  the  dun  mrtt»'r  at  iJio 
foramen  nui^'uum  from  the  ligamentous  covering  of  the  tipiual  cord* 

According  to  Sweflenhorg,  the  lymphatic  juioo  which  is  received 
there  by  the  dm-a  mater  is  detemiinnl  V>y  the  inflection  nf  its  filiros 
into  the  direction  of  the  sagittal,  lanibdoidal,  and  connial  sutunML 
In  the  neighbourhood  of  the  longitudinal  sinus,  bownvvr,  tooA 
"ospeciany  in  that  portion  which  apinNirs  triangular  in  <  ' 
and  which  on  either  side  forme  Ihc  Inlcrul  walls  t'f  thi- 
sinus,  ss  well  as  farther  towards  the  $ide$,  and  also  above  Uie  «intt8 
in  tJie  roof,"  Key  and  Retzius  disf^ovored  "a  p<>culiar  kind  of 
hollows  or  lacuna*."  Concerning  the^i.^  *'  lacuna*"  thoy  say,  that  "on 
making  a  vertical  section  of  tlie  dura  in  tlie  neigldxiurhooil  of  lb(^ 
loDgitUiliual  ainus,  and  on  magnifying  the  tissue,  it  is  luraally  fband 
more    or    less    mbrifonu,    thut    is,    pvrfuratcd    by    a    nyetem    of 
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koUow^t,  tin?  intlividual  8t)aces  of  which  arc  usually  of  the  sam© 
shape  and  sizw,  and  are  filled  with  a  clear  liquid,"  Thoy  further 
odd,  thnt  *'  tliost'  spaces  occur  nut  only  in  the  nei^ihlwurliood  of  the 
longitudinal  niims,  but  nlso  around  the  l.itend  sinusea  wliere  there 
may  be  a  great  number  of  them  ;  as  well  lu  near  the  superior  petrosal 
sinuses "("Studien,"  etc.,  Vol.  L,  pp.  16fi,  167).  See  above,  Vol.  I-» 
p.  2'29,  ei  &tq. 

The  places  where  these  *'lacuji£e,"  according  to  Kuy  and  Retzius, 
exist,  agree  in  a  great  measure  with  those  whither,  as  Swedcnborg 
states,  the  lymphalic  juice  of  the  dura  mater  is  determined.  And  it 
ia  this  system  of  lacunae  or  hollows  which,  according  to  Waldeyer 
and  Fischer's  exporimcuts,  communicates  on  the  one  hand  with  tht> 
venous  system  of  the  dura  mater,  and  on  the  other  with  the 
ibdural  splice. 

These  "  lacmia?,"  in  the  hght  of  Swedenboi^j's  theor)',  arc  reser- 
voirs or  receptacles  where  the  lymphatic  ducts  of  the  dura  mater 
Jinally  deposit  their  "nervous  juice  "  or  "oily  lymph." 

Not  only  the  system  of  terniimd  lacuna)  "  comma uic^itcs  with  the 
venou»  ftystem  of  the  dura  mater,"  but  the  lymphatic  ducts  them- 
selves which  terminate  tlioro  also  communicate  therewith.  On  thia 
ffltbject  Key  and  lietziuH  declare  that  ^' under  a  very  mild  pressure  a 
large  system  of  these  tuhuli  is  tilled  by  an  injection  of  tlie  blood-vessels 
of  the  dura  "  (see  above,  Vol.  I.,  p.  234).  As  these  blood-veasels  in 
their  turn  communicate  with  the  lougitudintd  sinus,  this  arrangement^ 
as  suggested  in  a  footnote  in  Vol.  L,  (x  252,  is  no  doubt  for  the  pur- 
pose of  reviving  or  rendeiing  more  liquid  the  sluggish  venous  blood 
of  the  longitudinal,  and  of  the  otlicr  sinuses,  when  it  thruateuH  to 
clog  up  their  avenues. 

Tlxo  remaining  portion,  however,  of  the  lymphatic  juice  stored  up 
iu  tlu'se  "lacume,**  according  to  Swedcnborg,  **i8  determined  towarda 
the  cavities  between  the  meninges,"  namely,  into  the  suVlural  space. 
The  discharge  of  this  liijuid  into  the  subdural  space  takes  placo 
while  the  longitudinal  as  well  as  the  othcj  sinuses  are  swelling,  and 
thus  exert-  a  pressure  on  tho  neighbouring  "  lacuiue,"  which  hain>ena 
when  thu  brain  has  its  systole,  and  when  tho  subdural,  as  well  as 
the  ?uhanichnoidal  spaces  are  Ixiing  dilated.  Tho  superior  occipital 
foninien  also,  in  the  "  inciriura  lentorii,"  ia  then  open,  and  the  sub- 
dur:d,  as  well  as  tlie  suWrachnoidal  Ii4uids,  that  is,  the  cerebro- 
spinal fluid  in  genorfd,  is  then  descending  into  tho  vertebral  cavityy 
in  nrdcr  that  during  the  diastftle  of  the  spinal  cord,  and  of  the 
encephalon  in  geuei-al,   both  liquids,  the  subdural  as  Well  as  tho 
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subarachnoidal,  may  be  urged  into  the  dural  and  arachnoidal  ehestlifl 
of  the  cranial  and  spinal  nerves.  Or,  in  the  lanf^uago  of  oar  anthor, 
these  liquids  are  then  "directed  towards  the  roots  of  the  nerve«  in 
order  that  the  circle,  that  is,  the  circulation  of  the  cerebro-spinol 
liquid,  may  he  completed."  This,  however,  according  to  Sweden- 
borg,  "takes  placn  chi(?fly  with  that  lymph  which  has  only  onoo 
h<»en  collected  in  the  subilural  space."  For  after  it  has  described 
once  a  complete  round  in  the  circulation  of  this  fluid,  from  the 
brain  into  the  muscles  of  the  body,  and  thence  back  into  the  circum- 
ference of  the  bmiu,  that  samo  lymph  has  exhausted  all  ita  d]>irituons 
essence — wherefore,  upon  ita  return  into  the  body,  it  is  discharged  aa 
worthlesa  tlirough  one  of  the  many  excretory  paaaages  of  the  body. 
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